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ABSTRACT 
 
ENVIRONMENTAL ASSESSMENT OF ROAD BRINING AND INJECTION WELLS 
FOR DISPOSAL OF OIL AND GAS LIQUID WASTE 
 
 
 
By 
Marissa Madia 
May 2018 
 
Thesis supervised by Dr. Stolz 
The dramatic increase in oil and gas drilling operations in Pennsylvania over the last 
decade has presented a challenge for their wastewater disposal (e.g., flowback, produced 
water). Currently, these fluids are treated in permitted brine treatment plants or exported 
out of state to deep injection well facilities. In Pennsylvania, road brining for dust control 
is permitted for conventional well brines, and permits for three injection wells for 
unconventional brines are pending. This study focused on water quality impacts due to 
road brining in Farmington Township (45 samples) and ground and surface water in 
Grant Township (41 samples) prior to the operation of the injection well. Analysis of 
2016 brine application data suggested non-compliance due to replicative application of 
the same road by multiple companies. Testing detected elevated chloride levels in a 
 v 
roadside stream. The Grant Township samples revealed high quality in general, however 
19 groundwater samples had pH below 6.5.  
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INTRODUCTION 
CHAPTER 1: BACKGROUND 
1.1 General Geology 
1.1.1 Geology of Pennsylvania 
The geologic history of Pennsylvania has resulted in an abundance of natural 
resources. Mineral resources found in Pennsylvania include iron, coal, oil, and natural 
gas. From approximately 450 million years ago to approximately 300 million years ago, 
shallow seas covered Pennsylvania, depositing organic material (Barnes & Sevon, 2014). 
Oil and natural gas deposits formed from decayed organisms. Between 360 million years 
ago and 300 million years ago, swamps covered Pennsylvania. An anoxic environment 
was created from debris falling into the swamps. The decayed organic matter was 
preserved and eventually buried, resulting in a high pressure that eventually created coal 
(Barnes & Sevon, 2014).  
1.1.2 Formation of Marcellus Shale 
Between 350-415 million years ago, the Marcellus Shale formed during the 
Devonian Period (Barnes & Sevon, 2014). North America and the African Plate collided, 
forming a marine sea which covered Pennsylvania. Also during this time, the Acadian 
Mountains were eroding, which deposited silt and clay into the paleo-sea (Barnes & 
Sevon, 2014). These events ultimately led to the formation of the Marcellus Shale. 
 2 
Marcellus Shale is a sedimentary rock, which incorporated silt, organic matter, 
and clay-sized mineral grains (Tourtelot, 1979). It consisted of an organic carbon-rich 
black shale. The depositional process included factors contributing to black shale 
formation which included organic productivity, sedimentation rate, and oxygen 
availability (Tourtelot, 1979). Although the formation of shale included environmental 
chemical characteristics, including oxygen and hydrogen sulfide in the water column and 
sediments, the ratio of organic material to oxygen greatly contributed to black shale 
formation. A surplus of organic material depleted oxygen; these anaerobic conditions 
ultimately formed black shale (Tourtelot, 1979).  
A combination of the deposition of organic matter beneath the pycnocline (a layer 
in a body of water where the density is the greatest) and the collision of two continental 
plates led to the burial of organic matter. After deposition, extreme pressure moved the 
organic material across the oil window, which formed natural gas (Arthur et al., 2008). 
This natural gas was trapped in the low permeability Marcellus Shale layer. Natural uplift 
and erosion of the Marcellus Formation has led to the formation of vertical fractures. This 
natural gas is now being extracted from this formation through the process of high 
volume hydraulic fracturing (HVHF) (Arthur et al., 2008). Natural gas is of worldwide 
interest because it releases about half as much carbon dioxide as coal into the atmosphere 
(Ridlington & Rumpler, 2013). 
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1.2 Natural Gas Extraction 
1.2.1 History of Natural Gas Extraction 
Due to its geology, Pennsylvania has a history of oil and gas exploration that goes 
back more than 200 years ago. The Seneca Indians discovered oil along Oil Creek in 
Venango County. They collected the oil by building crude dams along the bank to skim 
oil from the top of the water column (Cater et al., 2011). In 1768, the petroleum in 
Pennsylvania was documented for the first time, attracting individuals to the region. A 
notable investment occurred in the 1850s when Seneca Rock Oil Company leased land in 
Titusville. Colonel Edwin Laurentine Drake visited the land in 1858, finding the natural 
oil along Oil Creek. He came up with the idea to extract the oil by drilling a well. In 
August 1859, Drake struck oil at 21.18 m (69.5 ft) by using a salt-well drilling technique. 
Initially the well produced approximately 40 bbl oil/day, but decreased to approximately 
5 bbl oil/day by 1865 (Cater et al., 2011). The success of Drake’s well stimulated the oil 
boom in Northwestern Pennsylvania.  
In accordance with the oil and gas record, the first shale gas wells were drilled in 
Erie County, Pennsylvania in 1860. This oil came from the Upper Devonian Ohio Shale, 
with an average depth of 183 m (600 ft.) Although not much gas was retrieved from the 
shale, it is significant for the development natural gas extraction. The depth of this well 
was 240 m (786 ft) and the gas flowed at 8.87×105 bbl oil/day (Cater et al., 2011). The 
first commercial gas well, referred to as the Newton Well, was drilled in Oil Creek 
Township, Crawford County in 1872. The depth of this well was 240 m (786 ft) and the 
gas flowed at 8.87×105 bbl oil/day (Cater et al., 2011). This gas traveled through an 8.85 
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km (5.5 mile) pipeline and was used for refineries, homes, and industries for light and 
heating purposes. In 1878, the Haymaker No. 1 well was completed in Murrysville, 
Westmoreland County. The depth of this well was 0.40 km (0.25 mile) from the Upper 
Devonian Murrysville Sandstone. This well contributed to major light utilities and 
glassmaking factories in southwestern Pennsylvania (Cater et al., 2011). The previously 
mentioned wells are one of the few thousands of gas wells that were produced from the 
Upper Devonian throughout the past 100 years. Pennsylvania is recognized as the 
birthplace of the modern-day petroleum industry (Cater et al., 2011).   
1.2.2 Natural Gas Characteristics 
 There are two types of reservoirs in which natural gas can be found in: 
conventional and unconventional. Conventional gas is found in reservoirs where it is 
trapped by a layer of rock (eg. crude oil reservoir). After a well is drilled, the natural gas 
will flow to the surface (Schumann & Vossoughi, 2012). Unconventional gas is more 
difficult to extract because the gas is trapped in formations where it cannot naturally flow 
easily (eg. shale formations); or, the gas is attached to surrounding rock (eg. coal-bed 
seams) (Schumann & Vossoughi, 2012).  
1.2.3 Discovery of Marcellus Shale 
The Marcellus Shale was deposited between 350-415 million years ago and is 
found in the Middle Devonian Hamilton Group (Barnes & Sevon, 2014). Marcellus Shale 
gas lies at a depth of 1,829 m to over 2,743 m (6,000 to over 9,000 ft) (Schumann & 
Vossoughi, 2012). Marcellus Shale lies across approximately 246 thousand  km2 (95,000 
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mi2) ranging from New York to Virginia, with large portions in New York, Pennsylvania, 
and West Virginia (Brantley et al., 2014) (Figure 1).  
 
Figure 1. Map showing extent of the Marcellus Shale and Utica Shale in the Appalachian Basin in the 
northeastern United States (Kappel, Williams, & Szabo, 2013). 
 
Because the natural gas lies within a low permeability region, there was not a way 
to extract it. However, with the technique of hydraulic fracturing it became possible for 
unconventional oil to be extracted from Marcellus Shale. Operators in Texas extracted 
gas from the Barnett Shale using a hydraulic fracturing technique. Range Resources LLC 
adopted this method and began using horizontal hydraulic fracturing to extract gas from 
Marcellus Shale (Cater et al., 2011). In 2003, the Marcellus Shale was first drilled by 
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Range Resources Corporation (Range) in Washington County, Pennsylvania. Renz No. 1 
was drilled vertically in 2003 and then hydraulically fractured in 2004 (Cater et al., 
2011).  
After the first well began producing in 2005, eight wells in Pennsylvania were 
drilled that year. According to the Pennsylvania Department of Environmental Protection 
(DEP) oil and gas SPUD (drilling) data report, as of February 12, 2018 10,985 wells have 
been drilled in Pennsylvania, making high volume hydraulic fracturing (HVHF) 
production extremely profitable (Figure 2) (PA DEP, 2018).  
 
Figure 2. Horizontal wells in Pennsylvania. Map generated with Pennsylvania Spatial Data Access 
(PASDA) oil and gas data in 2018.  
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1.3 Hydraulic Fracturing Development 
1.3.1 Vertical versus Horizontal Drilling 
Vertical drilling is a more simple extraction technique than horizontal drilling. 
Vertical drilling drills straight down, allowing trapped gas to flow through the surface 
(Figure 3). This technique is used for both conventional and unconventional gas. 
However, vertical drilling only works for unconventional gas when fractures are 
horizontal, which allows the wellbore to intersect the formation (Schumann & 
Vossoughi, 2012). Horizontal drilling is used when gas lies within vertical and horizontal 
fractures (Figure 3). This orientation of fractures is common for unconventional gas 
(Schumann & Vossoughi, 2012). Marcellus Shale natural gas extraction uses both 
vertical and horizontal drilling techniques (Figure 3). The main objective of drilling 
horizontally in Marcellus Shale is to access a larger area of the reservoir than drilling 
vertically can obtain (Barbot et al., 2013).  
 
 
 
Figure 3: Location of vertical and horizontal drilling in reference to Marcellus Shale (adapted from 
U.S. EPA, 2016). 
Vertical 
Drilling 
Horizontal 
Drilling 
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The spatial distribution of wells also differs for vertical and horizontal drilling 
wells. Vertical drilling requires wells to be closer together, whereas horizontal drilling 
uses fewer wells. Horizontal drilling has the ability to obtain gas over a horizontal one-
mile distance, resulting in fewer wells (Schumann & Vossoughi, 2012). The distribution 
of horizontal and vertical wells varies across Pennsylvania, mostly as a function of 
history due to advances in extraction techniques (Figure 4).  
 
Figure 4. Horizontal and vertical wells in Pennsylvania. Map generated from PASDA oil and gas 
data (2018). 
 
1.3.2 Process of Drilling an Unconventional Well 
 The process of drilling a well is a multistep process involving site identification, 
well pad construction, infrastructure construction, drilling the well, and high volume 
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hydraulic fracturing (HVHF) (Brittingham et al., 2014). Geologists map and use 
additional tools to develop a model of the well site. An isopach map identifies where the 
rock is the densest within the formation. This is where the gas extraction will be most 
productive. Seismic reflection uses in-ground explosives or thumper trucks to produce 
sound waves (Flaherty & Flaherty, 2014). The sounds waves reflect off rock formations 
and return to the surface, which is detected by sensors. These data are then used to 
identify the formation types and fault depths. Once the best site has been determined, the 
property owners must lease their mineral rights and a permit is issued. In Pennsylvania, 
the permit is obtained through the DEP, Bureau of Oil and Gas Management (Flaherty & 
Flaherty, 2014).  
 After the permits are obtained and the best location is identified, the land is 
cleared for the well pad to be constructed. Access roads are also constructed if the land is 
not easily reachable. After the land is prepared, a drilling rig is set up. An air hammer bit 
or a rotary bit are typically used for the drilling process (Flaherty & Flaherty, 2014).  
The well is first drilled vertically approximately 0.03 km (1,000 ft.) above the 
shale formation (Flaherty & Flaherty, 2014). The shale formation can be found at varying 
depths, ranging from 0.03 km (1,000 ft.) to over 2.74 km (9,000 ft.) (Flaherty & Flaherty, 
2014). The drilling is done through the drill string, which includes the drill bit and drill 
pipe. The drill bit is then turned and angled horizontally to the shale formation. As the 
drill moves throughout the formation, small pieces of rock continue to be released 
(Flaherty & Flaherty, 2014). The movement and weight of the drill string allows the drill 
bit to get deeper into the rock, causing a borehole to form. The well will then be drilled 
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approximately 1.07 km (3,500 ft.) horizontally. Air, water, and synthetic-based fluids are 
pumped into the well hole (Flaherty & Flaherty, 2014).  
 Once the well is drilled thousands of feet, a casing point is reached. The casing 
point is where the drill pipe is removed from the well. It is then replaced by a steel pipe 
casing (Flaherty & Flaherty, 2014). Cement is used within the annulus, or space where 
the well hole and the inserted pipe are, to help protect groundwater sources and coal 
seams from natural gas contamination (Figure 5). After the cement has hardened, the 
drilling process continues until the target rock is reached. The drill string is then removed 
from the well. A production string, the final casing, is cemented into the well hole. This 
seals off the portion of the well in which production will occur (Flaherty & Flaherty, 
2014). The casing along the horizontal portion of the wellbore is perforated with 
explosive shots, which increase the porosity and permeability of the rock. This allows the 
hydraulic fracturing fluid to exit the well and natural gas to enter the casing (Flaherty & 
Flaherty, 2014). 
 
Figure 5. Well bore casing used in HVHF (Flaherty & Flaherty, 2014). 
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 The well is then analyzed by geologists and engineers to determine if the well was 
drilled properly. Sensors record characteristics of the rock such as porosity, rock type, 
hole diameter, downhole temperature, and electrical resistivity. Geologists and engineers 
interpret the results to determine if the natural gas will be obtained. If it is unattainable, 
the well will be plugged under several rules according to 025 Pa. Code §78.91 (Flaherty 
& Flaherty, 2014).  
1.3.3 Process of High Volume Hydraulic Fracturing 
During the process of high volume hydraulic fracturing (HVHF), 11-21 million 
liters of water is injected at a high pressure into each well causing rock to break, or 
fracture (Kappel et al., 2013). The water is injected into the borehole to enlarge fractures 
within the shale formation.  (Flaherty & Flaherty, 2014). The water contains proppant, 
usually sand, to hold the fractures open, allowing the natural gas to flow into the well 
(Figure 6). The pressurized water is also composed of 0.5%-2% of chemical additives 
(Durant et al., 2016). 
 
Figure 6. Hydraulic fracturing fluid injected into borehole, stimulating fractures in the shale 
reservoir (Flaherty & Flaherty, 2014).  
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After HVHF, the proppant remains in the fractures to allow gas to flow to the 
well, while approximately 10-30% of the injected water and chemical fluid returns to the 
surface (Durant et al., 2016). The mixture consists of the injection water and hypersaline 
brine, also referred to as formation water. The formation water originates from the shale 
formation into which the water was injected (Warner et al., 2014).  
Recent advances in fracking designs have allowed for a new technique, zipper 
fracking, to maximize operational efficiency. Multiple wells are built on one pad, referred 
to as a super-pad. Through zipper fracking, two parallel horizontal wells are stimulated, 
creating fractures that move towards to each other. This ultimately reinforces the fracture 
movement perpendicular to the original fracture (Rafiee, Soliman, & Pirayesh, 2012). 
1.3.4 Requirement of Natural Resources and Potential Impact on the Habitat   
The construction of unconventional wells includes the use of natural resources 
and activities that can potentially impact terrestrial and aquatic ecosystems (Brittingham 
et al., 2014). A well site is typically 1.21×104- 2.83×104 m2 (3-7 acres) of land. 
Therefore, during well pad construction, the trees are cleared and the terrain is leveled 
(Lampe & Stolz, 2015). Construction of new roads or expansion of old roads may occur 
to support the vehicles used during this process. This changes the natural habitat, disturbs 
the land and species, and results in soil compaction, erosion, runoff, and sedimentation 
(Brittingham et al., 2014). The equipment and vehicles consume fossil fuels and release 
greenhouse gasses into the atmosphere. One hundred to one hundred and fifty truckloads 
of equipment and infrastructure are brought to the well pad site.  
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During the unconventional drilling process, natural resources are also used and 
the ecosystem is potentially disturbed. One hundred to one thousand truckloads are 
transported to the site for fracturing chemicals, water, and proppants (Lampe & Stolz, 
2015). In addition, lights remain on for twenty-four hours per day, which leads to light 
pollution (Brittingham et al., 2014). A large amount of water is used per well, which 
usually comes from streams, rivers, and lakes, or from the public water supply (Lampe & 
Stolz, 2015). Between 2005 and 2014, 708 billion liters (187 billion gallons) of water 
have been used for unconventional shale gas extraction throughout the United States 
(Kondash and Vengosh, 2015). There is also a possibility of contamination from 
accidental spills and/or improper storage or disposal of flowback water. While a well is 
producing, similar potential effects are of concern including soil compaction, habitat 
disturbance from pipelines, erosion and sedimentation, runoff, spills, and improper 
disposal of fluids (Brittingham et al., 2014). 
 
1.4 Hydraulic Fracturing Waste Generation, Storage, and Disposal 
1.4.1 Chemicals Used in HVHF 
As previously mentioned, HVHF is the process of injecting water, proppant, and 
chemicals at high pressures into the shale formation (Warner et al., 2014). The injected 
fluids are able to be pumped at 1.14×104 liters per minute (3,000 gallons per minute) 
(Lampe & Stolz, 2015). Approximately 0.5-2% of the water is composed of chemical 
additives, which behave as friction reducers, corrosion inhibitor, gelling agent, biocides, 
scale inhibitors, and surfactants (Durant et al., 2016).  
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 While the additives used in hydraulic fracturing are useful for hydrocarbon 
extraction, it is uncertain as to how the chemicals impact the environment. A study by the 
United States House of Representatives Committee on Energy and Commerce identified 
29 chemicals that are classified as possible human carcinogens, regulated under the Safe 
Drinking Water Act for the risk to human health, or listed as hazardous air pollutants 
under the Clean Air Act (Table 1) (Waxman, Markey, & DeGette, 2011). 
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Table 1- Overview of chemical components of concern: carcinogens, Regulated Chemicals (SDWA), 
and Hazardous Air Pollutants (HAP). Table regenerated from (Waxman et al., 2011) .  
 
Chemical Component Chemical Category No. of Products 
Methanol (Methyl alcohol) HAP 342 
Ethylene glycol (1,2-ethanediol) HAP 119 
Diesel Carcinogen, SDWA, HAP 51 
Naphthalene Carcinogen, HAP 44 
Xylene SDWA, HAP 44 
Hydrogen chloride (Hydrochloric 
acid) HAP 42 
Toluene SDWA, HAP 29 
Ethylbenzene SDWA, HAP 28 
Diethanolamine (2,2-
iminodiethanol) HAP 14 
Formaldehyde Carcinogen, HAP 12 
Sulfuric Acid Carcinogen 9 
Thiourea Carcinogen 9 
Benzyl chloride Carcinogen, HAP 8 
Cumene HAP 6 
Nitrilotriacetic acid Carcinogen 6 
Dimethyl formamide HAP 5 
Phenol HAP 5 
Benzene Carcinogen, SDWA, HAP 3 
Di (2-ethylhexyl) phthalate Carcinogen, SDWA, HAP 3 
Acrylamide Carcinogen, SDWA, HAP 2 
Hydrogen fluoride (Hydrofluoric 
acid) HAP 2 
Phthalic anhydride HAP 2 
Acetaldehyde Carcinogen, HAP 1 
Acetophenone HAP 1 
Copper SDWA 1 
Ethylene Oxide Carcinogen, HAP 1 
Lead Carcinogen, SDWA, HAP 1 
Propylene oxide Carcinogen, HAP 1 
p-Xylene HAP 1 
Number of Products of Concern 
 
652 
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1.4.2 Drilling Fluids 
 During natural gas extraction, different forms of wastewater are generated. During 
the process of drilling a well, additives are used to cool and lubricate the drill head and 
clear drill cuttings. This creates wastewater referred to as drilling fluid (Lutz et al., 2013). 
Drilling fluid oftentimes has a high amount of total dissolved solids and total suspended 
solids. Unconventional drilling, such as shale wells, typically generates more wastewater 
than conventional wells. This is because the borehole is longer, requiring more fluids 
when drilling the well (Lutz et al., 2013).   
1.4.3 Flowback Fluids and Produced Fluids 
 Drilling wells, especially unconventional wells, generates a great amount of 
wastewater fluid. It is estimated that approximately 10-30% of the injected fluid returns 
to the surface (Durant et al., 2016). Throughout the first two weeks flowback water 
returns to the surface. This consists of 10-70% of the fracturing fluid, along with brines, 
or fluid with a high salinity, from the formation (Cluff et al., 2014). Because this fluid 
interacts with the shale, the returning fluid contains organic matter, salts, heavy metals, 
and naturally occurring radioactive materials. Specifically, flowback fluid commonly 
contains high concentrations of sodium ions (50-40,000 ppm) and chloride ions (5,000-
80,000 ppm) (Balaba & Smart, 2012).  
Two weeks after the well is fracked, the wastewater, referred to as produced 
water, continues to reach the surface of a well throughout its lifetime (Thurman, Ferrer, 
Blotevogel, & Borch, 2014). During the production process of a well, the produced water 
is separated from the natural gas. These fluids consist of low-molecular weight aromatic 
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hydrocarbons such as benzene, ethylbenzene, toluene, and xylene (Veil, Puder, Elcock, & 
Redweik, 2004).  
  The produced fluid typically has a high salinity. The total dissolved solids content 
can range from below or above seven times that of seawater (Vengosh, Jackson, Warner, 
Darrah, & Kondash, 2014). The brine produced in the Marcellus shale region oftentimes 
has high concentrations of organics, metals, and sometimes naturally occurring 
radioactive materials (Lutz et al., 2013).  In particular, high concentrations of strontium 
(50-6,000 ppm), calcium (500-12,000 ppm), barium (50-9,000 ppm), and total dissolved 
solids (1,000-150,000 ppm) are often found. (Balaba & Smart, 2012).  
1.3.4 Storage of Wastewater 
 It is estimated that every Marcellus Shale well produces 3.50×106 liters (924,703 
gallons) of wastewater (Chen & Carter, 2016). The flowback and produced waters are 
typically stored at the well pad in a temporary open impoundment or closed tanks. The 
wastewater fluid can remain in the impoundment or tanks for a week to several months 
before it is treated and disposed of or reused for further hydraulic fracturing (Mohan et 
al., 2013). Using tanks and/or ponds to temporarily store wastewater is essential for 
wastewater management. Waste treatment and disposal methods are expensive and 
availability, such as deep injection wells, is limited (Mohan et al., 2013) .  
 1.4.4 Waste Disposal 
The disposal of liquid waste resulting from conventional and unconventional 
drilling is explored through various methods. The wastewater associated with HVHF 
includes drilling fluids, flowback fluids, and produced water. In 2012 alone, 
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Pennsylvania produced 4.54×105 liters (1.20×109 gallons) of wastewater (Ridlington & 
Rumpler, 2013). As previously discussed, the waste fluids are known to contain high 
levels of toxic metals, salinity, and radioactivity. Due to these characteristics, it is 
important to find a safe way to dispose of them.  
Pennsylvania’s oil and gas wastewater disposal methods has enhanced 
tremendously throughout history.  Previous disposal techniques were harmful to the 
environment in which the wastewater was taken to industrial brine treatment facilities, 
where the chemicals were not able to be completely removed, and then released into 
surface water sources (Warner et al., 2013). There are four conventional and 
unconventional drilling wastewater disposal approaches today. The least common 
includes treatment in publically owned treatment works (POTWs), wastewater treatment 
plants (WWTP), and commercially operated wastewater treatment plants. The three more 
popular methods include recycling, spreading conventional brine on roads for dust 
control, and deep well injection. The focus of this thesis is on brine roadbed application 
and deep well injections.   
 
1.5 Waste Disposal Method- Brine Roadbed Application 
1.5.1 Process of Brine Spreading on Roads 
 There are multiple methods used to control dust and act as a road stabilizer on 
unpaved roads including brine from conventional oil and gas wells (“Roadspread of Brine 
for Dust Control and Road Stabilization,” 2015). In Pennsylvania, the majority of brine 
road application occurs in the northwestern part of the state. This treatment has little 
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direct cost, which is appealing; however there are environmental and human health 
concerns associated with the spreading of brine on roads. Gas and oil brines typically 
have a high concentration of total dissolved solids and metals. It is also possible for the 
brines to contain chemical additives and organic compounds. Naturally occurring 
radioactive materials are also of concern (NORMs) (Zhang, Hammack, & Vidic, 2015). 
Immediately after brine application on roads, metals can be found in concentrations 50-
1,000% greater than normal (Nelson, Yonge, & Barber, 2009).  
There is also runoff into bodies of water and into the soil alongside roadbeds 
(Wilson, 2015). The potential health effects due to brining has led to a memorandum 
issued by the West Virginia DEP in July 2010 in West Virginia indicating no land 
application of Marcellus Shale activities. There was also a memorandum issued by the 
PA DEP in Farmington Township, Pennsylvania from April 2017-June 2017.  
1.5.2 Naturally Occurring Radioactive Materials 
 Naturally occurring radioactive materials (NORMs) are of concern because they 
are found in hydraulic fracturing wastewater. Uranium and thorium are found in shale 
and sandstone. U-238 and Th-232 decay products include Ra-226 and Ra-228. Radium is 
water soluble and is potentially released in flowback and produced water associated with 
hydraulic fracturing (Zhang et al., 2015).  
There are high levels of salt and low levels of sulfate found in the Marcellus 
Shale. A combination of the ionic strength, reducing environment, and low amount of 
sulfate enhances the possibility for NORM to solubilize in produced fluids (Nelson et al., 
2015). When the treatment of wastewater is inadequate, there is a potential release of 
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radium isotopes. For example, untreated fluids were released from a facility, resulting in 
Ra contamination in stream sediments at a factor of 200 greater than the concentration of 
the background (Nelson et al., 2015).  
The decay of Ra-226 produces ionizing radiation that can cause a diverse range of 
health effects such as nausea, skin burn, and respiratory irritation. Due to the high 
concentration of Ra found in wastewater, it is important to minimize the risk of soil, 
groundwater, and surface water contamination (Zhang et al., 2015). The use of brine for 
road treatments is of concern because NORMs, such as radium, may be found along the 
roadbeds.  
1.5.3 Requirements for Brine Treatment in Pennsylvania 
 Pennsylvania has strict guidelines for the spreading of brine on roads. Under 
Pennsylvania Code § 78a.70. brines from unconventional wells are not allowed to be 
used for dust control and road stabilization (“025 Pa. Code § 78a.70. Road-spreading of 
brine for dust control and road stabilization,” 2017). As stated directly from the DEP, the 
brine application permit requirements is as follows: 
1. The application of brine to unpaved roads must be performed in accordance 
with the approved plan.  
2. The brine may only be applied at a rate and frequency necessary to suppress 
dust and stabilize the road. The rate and frequency of application must be 
controlled to prevent the brine from flowing or running off into roadside ditches, 
streams, creeks, lakes and other bodies of water or infiltrating to groundwater. 
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 3. Recommended spreading rates: The road should initially be spread at a rate of 
up to one-half gallon per square yard (typically after the road has been graded in 
the spring). The road should subsequently be spread at a rate of up to one-third 
gallon per square yard no more than once per month unless– based on weather 
conditions, traffic volume or brine characteristics—a greater frequency is needed 
to control dust and stabilize the road. The application rate for race tracks and 
mining haul roads should be determined for each site and should not exceed one 
gallon per square yard.  
4. Only production or treated brines (other than brines produced from shale 
formations) may be used. The use of drilling, fracing, or plugging fluids or 
production brines mixed with well servicing or treatment fluids, except 
surfactants, is prohibited. Free oil must be separated from the brine before 
spreading.  
5. Brine must not be applied within 150 feet of a stream, creek, lake or other body 
of water.  
6. Brine must be spread by use of a spreader bar with shut-off controls in the cab 
of the truck.  
7. Brine must not be placed on sections of road having a grade exceeding 10 
percent.  
8. Brine must not be spread on wet roads, during rain, or when rain is imminent. 
9. Each vehicle used to spread brine shall have a clearly legible sign identifying 
the applicator on both sides of the vehicle.  
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10. The company spreading the brine shall notify the appropriate regional DEP 
Oil and Gas Office the business day before spreading brine.  
11. The producing oil and gas wells must be in compliance with the bonding 
requirements of the Oil and Gas Act of 2012.  
12. The person who received approval for the roadspreading plan must submit a 
monthly report (5500-FM-OG0046) to DEP indicating the location and amount of 
brine spread during the month. This monthly report must be submitted by the 15th 
day following the month in which the brine was spread. This report must be 
submitted even if no spreading took place during that month.  
13. Any revisions to the plan must be submitted to DEP for approval. Approval 
must be obtained prior to implementation of the revisions.  
14. Failure to comply with all these conditions may result in DEP rescinding the 
plan approval. 
 
1.6 Waste Disposal Method- Deep Well Injection  
1.6.1 Deep Injection Well Background 
 The use of Underground Injection Control (UIC) wells dates back to the 1930’s 
when oil refineries began disposing waste into them. As the idea continued to grow and 
brine was injected into UIC wells, many states began to implement regulations in the 
1950’s. UIC wells associated with produced fluid wastewater from hydraulic fracturing 
are classified as Class II wells (McCurdy,2016). They are also referred to as saltwater 
disposal wells (SDW). There are many steps involved while determining a site for SWD. 
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 Geology plays an important role when seeking a location for an injection well. An 
area that is porous and permeable, and one that is not an aquifer is of particular interest.  
The site also cannot be near geological faults. After an appropriate site is approved and 
permitted, the well is drilled to the depth of the target zone for disposal (Figure 7) 
(McCurdy, 2016). A steel casing is placed into this area, along with cement, forming an 
additional layer or protection. This is important for preventing leakage of wastewater into 
aquifers. An evaluation log is then run using a sonic tool to determine the quality of the 
cement (McCurdy, 2016). 
 
Figure 7. Location of disposal wells in relation to basement rock (USGS, 
https://earthquake.usgs.gov/research/induced/myths.php, accessed March 12, 2018).  
 
 After the well is drilled, an injection tube and a packer are placed in the well. The 
packer blocks the wastewater being injected through the tubing from coming back up the 
hole. Packer fluid is then moved throughout the tubing and back up to the surface of the 
well. The purpose of this fluid is to protect the casing diameter inside and the tubing 
outside from corroding. It also provides pressure to counteract the pressure from the 
injected fluid (McCurdy, 2016).  
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 In the past, wastewater was oftentimes delivered to Ohio for disposal in deep 
underground injection wells (Schmidt, 2013). The amount of this wastewater fluid 
increased tremendously from 9.84×107 liters (26 million gallons) in 2010 to 4.01×108 
liters (106 million gallons) in 2011 (Schmidt, 2013). As of March 2018, there are only 
four UIC wells in Pennsylvania, but additional permits have been granted to drill three 
more injection wells. The injection wells in operation are in the locations of Brady 
Township, Highland Township, Huston Township, and Columbus Township (DEP, 
http://www.dep.pa.gov/Business/Energy/OilandGasPrograms/OilandGasMgmt/Pages/Un
derground-Injection-Wells.aspx, accessed March 23, 2018). Geologists and engineers are 
discovering areas in which they are now considered acceptable by the state. 
 1.6.2 Seismic Activity Induced by Deep Injection Wells 
 Disposal of wastewater from hydraulic fracturing creates a risk for earthquakes 
(Ellsworth, 2013). It has been suggested that they occurred in result of injecting 
wastewater into disposal wells, which can ultimately displace the fault (Figure 8). An 
earthquake occurs when stress builds up within the fault because of crust failing to move. 
This stationary placement results from friction. When the friction is weaker than the 
pressure, bordering blocks can slip, breaking the fault (“Why Earthquakes Occur | 
FEMA.gov,” 2015).  There are approximately 30,000 wastewater disposal wells, but only 
a handful of them have induced earthquakes. The earthquakes typically occur from 
injecting large amounts of fluid into basement faults or deep strata (Ellsworth, 2013) 
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Figure 8. Diagram of how the injection of fluid into wells can create an earthquake (Ellsworth, 2013). 
 
 
1.6.3 Seismic Activity in the United States 
Several earthquakes have occurred in the United States that have been associated 
with the injection of wastewater into class II wells. The number of earthquakes in the 
central and eastern United States has drastically increased in recent years (Figure 9). 
Between 2010 and 2013 over 300 earthquakes occurred with a magnitude less than 2.0, 
compared to an average of twenty-one earthquakes per year between 1967 and 2000. 
2011 had an unusually high amount of earthquakes, 188 (Ellsworth, 2013).  
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Figure 9. Number of earthquakes in the United States with a magnitude greater than 2.7 (USGS, 
https://earthquake.usgs.gov/research/induced/myths.php, accessed December 6, 2017) 
 
 
The majority of these earthquakes have a magnitude below 4.0. However, there are 
additional instances of earthquakes with a magnitude of 4.0 or greater occurring 
throughout the United States. For example, Youngstown, Ohio experienced an 
earthquake with a magnitude of 4.0. A 4.7 magnitude earthquake in Arkansas is thought 
to be associated with deep injection wells. The largest earthquake in Oklahoma between 
2011-2012 was a magnitude of 5.6.  This destroyed fourteen homes and injured two 
people (Ellsworth, 2013).  
 Anthropogenic-induced earthquakes in relation to wastewater disposal can occur a 
few months after deep injection begins, such as in Youngstown, Ohio, but it can also take 
years for an earthquake to occur. For example, an earthquake in November 2011 occurred 
in Oklahoma near a wastewater injection well eighteen years after the injection began. As 
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the stress increases, the crust becomes weaker. In addition, the larger the fault, the larger 
area that an earthquake can affect (Ellsworth, 2013).  
1.6.4 Youngstown, Ohio Seismic Activity 
 In Youngstown Ohio, the Northstar 1 waste fluid injection well was drilled 2.82 
km (2,802 m) deep. The injection of fluid began on December 29, 2010. Within the 
region of the Northstar 1 injection well, 167 small earthquakes with a magnitude 0.0-3.9 
were detected between January 2011- February 2012. The first earthquake occurred 
thirteen days after the deep well injection began operating (Kim, 2013). Although the 
majority of the earthquakes were below a magnitude of 4.0, on December 31, 2011 a 4.0 
earthquake occurred (Ellsworth, 2013). This occurred approximately twenty-four hours 
after the last fluid injection on December 30, 2011. It is important to note that there were 
no earthquakes detected in Youngstown, Ohio prior January 2011 (Kim, 2013). Kim, 
2013 concluded that: 
1. The earthquakes occurred along the fault trace in the Precambrian basement. 
2. The seismic waves migrated from the east, near the injection well, towards the 
west, away from the well. This suggests that the high fluid pressure increases 
the pore pressure along the fault, initiating the earthquakes.  
3. The earthquakes correlated with the injection volume and pressure during the 
early stages of fluid injection. 
4. The earthquakes may have been caused by a buildup of pressure in the 
Precambrian basement and then stopped when the pressure declined.  
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5. Overall, the earthquakes occurred approximately 5 days after the peak 
pressure within the injection well. This lag time is similar to the 10 day lag 
time observed in Rocky Mountain Arsenal, Colorado. 
1.6.5.Global Seismic Activity 
Earthquakes associated with oil and gas are also seen globally. In Basel, 
Switzerland the injection of water under high pressure into basement rock triggered three 
earthquakes. Natural gas extraction from shallow deposits in the Netherlands also led to 
earthquakes (Ellsworth, 2013). Although earthquakes are a natural event, it is thought 
that anthropogenic causes and stresses are triggering earthquakes, especially in regards to 
hydraulic fracturing and wastewater disposal.  
 
1.7 Areas of Study 
1.7.1 Warren County, Pennsylvania 
Warren County is located within the Ohio River Watershed in which the 
Allegheny River is a tributary leading to the headwaters. The Ohio River Basin has a total 
drainage area of 528,360 km2 in fifteen states. The Allegheny River is a major tributary 
that starts in north-central Pennsylvania (Potter County), flows north into New York, then 
curves to the south and flows toward Pittsburgh. The headwaters of the Ohio River are 
located in Pittsburgh, PA where the Allegheny River and Monongahela River meet (PA 
DCNR, http://www.docs.dcnr.pa.gov/cs/groups/public/documents/document/dcnr_20031
262.pdf, accessed April 8, 2018). Farmington Township, Warren County, has garnered 
public interest because companies are using produced water from conventional wells to 
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spread onto roads to control dust (Figure 10). Farmington Township is located in a rural 
area with approximately 71 km (44 miles) of dirt roads. It is also an Amish community in 
which well water is the primary domestic water source for the majority of the residents, 
approximately 1,300 (Hopey, 2016). 
 
 
 
Figure 10. Figure. Locations of Farmington Township and Grant Township. Map generate on GIS 
using PASDA county and municipality data (2018). 
 
1.7.2 Indiana County, Pennsylvania 
Indiana County is located within the Susquehanna River watershed in which the 
Susquehanna River is a tributary to the headwaters, where it empties into the Chesapeake 
Bay and the Atlantic Ocean 
(DCNR, http://www.docs.dcnr.pa.gov/cs/groups/public/documents/document/dcnr_20031
260.pdf, accessed April 8, 2018). Grant Township, Indiana County, has gained public 
Farmington Township 
Grant Township 
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interest due to the recently approved deep injection well (Figure 10). On March 21, 2015 
Pennsylvania General Energy (PGE) submitted an application to the PA DEP to change 
the Marjorie C. Yanity 1025 well from a production well into a disposal well 
(Department of Environmental Protection, 2017). The Huntersville Chert Formation, a 
sedimentary rock formation consisting of mostly silica, is the area in which PGE oil and 
gas liquid waste will be injected into the ground.    
 The Department of Environmental Protection (DEP) conducted a geologic review 
within a quarter mile of Marjorie C. Yanity 1025 well. They also defined a one-mile 
buffer around the well. They considered the stratigraphy and geologic structures, such as 
coal mines and gas storage fields, for the injected fluid to potentially reach water supplies 
and basement rock (Department of Environmental Protection, 2017).  The DEP review 
did not find evidence that there are potential pathways in which the fluid will reach the 
water supplies or basement rock. 
They also identified that there are no intake or discharge, hazardous waste 
treatment, storage, or disposal facilities. The seismic activity was also examined, and 
there have not been any documented earthquakes with a magnitude greater than 1.0 near 
the approved injection well (Wise, 2017). Therefore, the approved well is in a good 
location for underground storage of hydraulic fracturing waste disposal (Department of 
Environmental Protection, 2017). The injection is limited to 2.30 km-2.32 km (7,544-
7,620 feet) and the injection zone is separated from the lowermost underground source of 
drinking water (USDW) by 2.14 km (7,024 feet) (“Final EPA Injection Well Permit ( 
issued by EPA),” 2014).  
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A GIS map was generated to identify the oil and gas activity in Grant Township 
(Figure 11). There are many conventional wells within the vicinity of the of the approved 
deep injection well (Figure 11). There are three producing conventional wells within a 
quarter mile radius of the Marjorie C. Yanity disposal well. The deepest well is 1.09 km 
(3,560 ft) which is 1.21 km (3,984 ft) above the shallowest injection perforation 
(“Underground Injection Control Application,” 2013).  
 
 
Figure 11. Approved deep injection well indicating 402 m (quarter mile) and 1609 m (one mile) 
buffer of conventional oil wells (yellow) and unconventional oil wells (red). Majorie C. Yanity 1025 
well indicated by the star (black). Map generated through GIS using PASDA state, municipality, and 
oil and gas data.  
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1.8 Drinking Water Standards 
 The Safe Drinking Water Act (SDWA) of 1974 protects public drinking water 
supplies throughout the United States. SDWA regulates rivers, lakes, reservoirs, springs, 
and ground water wells. However, ground water wells that provide for fewer than twenty-
five individuals use are not regulated (“Understanding the Safe Drinking Water Act,” 
2004). Under this act and as amended in 1986 and 1996, the U.S. EPA Environmental 
Protection Agency (US EPA) is required to set National Primary and Secondary Drinking 
Water Regulations (NPDWR) to ensure good quality drinking water throughout the 
nation (“Understanding the Safe Drinking Water Act,” 2004). The standards include 
Maximum Contaminant Level (MCLs) and Secondary Maximum Contaminant Level 
(SMCL). These are the maximum amount of a contaminant that can reach a consumer 
through drinking water. Primary and Secondary MCLs include contaminates such as 
metals, salts, and minerals. Primary Standards are enforced by the law to protect human 
health, however, secondary standards are not (US EPA, 2015b). Secondary standards 
include effects that are not a risk to humans, such as aesthetics (poor taste and smell), 
cosmetic (reddening of skin), and technical (damage to equipment) (US EPA, 2015a).  
  
1.9 Significance of Research 
 The number of hydraulic fracturing wells has greatly increased in the Marcellus 
Shale region since 2004. The process of HVHF allows for extraction of gas in shale that 
were previously not attainable (Flaherty & Flaherty, 2014). During HVHF, 11-21 million 
liters (3-5.6 million gallons) of water containing chemical additives and proppant are 
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injected per well (Kappel et al, 2013). Within two weeks, flowback water returns to the 
surface of the well and produced water comes back up for the remaining lifetime of the 
well (Cluff et al., 2014). Different methods of this wastewater disposal are explored.  
There are four fates for wastewater disposal. It can be recycled and injected into 
new wells being fracked. It can also be treated in water treatment facilities, however this 
method is expensive and the traditional treatment plant technologies cannot handle large 
concentrations of salt and other chemicals found in the wastewater (Altaee & Hilal, 
2014). Treating the wastewater is also expensive. Another disposal method is by 
spreading wastewater from conventional wells onto roads (brining) and this has very little 
direct cost. The last disposal method is through deep injection wells.   
This study came about because of the uncertainty of the safety with wastewater 
disposal methods. As natural gas extraction increases, the amount of wastewater 
generated increases. It is important to study the most effective wastewater disposal 
methods, with consideration of cost, and environmental and human health impacts. This 
study has a focus on brining and deep injection wells as wastewater disposal methods.  
Road brining occurs in rural areas to control dust and stabilize dirt roads. This is a 
new technique and the impacts are not well documented (Zhang et al., 2015). Farmington 
Township, Warren County is a focus because it is an Amish community where 
agriculture is predominant and the residents use household groundwater sources for 
domestic water. The chemicals found in road dust from brining are of concern for 
individual’s health. The chemicals may affect human health through two routes of 
exposure: ingestion from soil uptake and inhalation of dust, which can lead to pulmonary 
complications. 
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Underground injection is an additional method of wastewater disposal. Through 
this method, wastewater is injected into an underground well (McCurdy, 2016). It is 
thought that earthquakes are becoming more common as a result of this process 
(Ellsworth, 2013). This study focuses on Grant Township, Indiana County in which a 
deep injection well, with Marjorie C. Yanity 1025, has been approved. The intent is to 
turn a previously oil producing well into underground wastewater storage (Wise, 2017). 
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CHAPTER 2: SPECIFIC AIMS AND HYPOTHESES 
2.1 Specific Aims 
 The goals of this thesis are: 
1. Determine whether repeated applications of brine on roadbeds have affected 
surface water quality in Farmington Township. 
2.  Compare the composition of conventional and unconventional brines to 
Farmington Township surface water and groundwater samples 
3. Assess potential risk of groundwater quality in Grant Township before the 
approved deep injection well is operational.  
 
2.2 Research Questions 
1. Are chemical indicators indicative of road brining detectable in groundwater, 
roadside ditches, and surface water? 
2. Does the presence of these indicators in surface water and groundwater 
chemistry reflect conventional or unconventional brines?  
3. Does Grant Township groundwater and surface water meet EPA primary and 
secondary standards for water chemistry (eg. anions, cations, metals, and light 
hydrocarbons) prior to the operation of the injection well? 
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2.3 Experimental Design  
2.3.1 Warren County, Pennsylvania 
 In November 2016, groundwater and surface water samples were collected in 
Farmington Township and analyzed for general chemistry, anions, cations, and light 
hydrocarbons. Participants whose groundwater was collected completed a well water 
survey. The 2016 brine road spread was analyzed for one company. The 2016 
precipitation data was analyzed to determine when brine was spread in relation to 
precipitation. The 2016 brine spread and precipitation data was ultimately used to 
determine if the company was spreading in accordance to the DEP permit.  
The locations where streams intersect the treated roads were mapped though 
ArcGIS 10.5.1 (Esri, Redland, CA). Surface water samples were collected and analyzed 
in June 2017 and October 2017 on roads that were spread with a low, medium, and high 
amount of brine according to the 2016 data. The 2017 precipitation data was also 
analyzed to determine when it rained in relation to the dates water samples were collected 
on. Each sample collected was included in geochemical ratio graphs through OrginLab 
2017 software (Northhampton, MA). The water samples collected were also compared to 
conventional and unconventional brine data to identify the likelihood that the brine 
spread on roads was obtained from conventional wells. These samples are represented as 
box and whisker plots created through DeltaGraph 7.0 software (Salt Lake City, Utah).  
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2.3.2 Indiana County, Pennsylvania 
 A flyer was given to residents at a Grant Township meeting regarding well water 
testing, which is where the contacts were obtained from. Each resident completed a well 
water survey. Groundwater and surface water was collected and analyzed for general 
chemistry, anions, cations, and light hydrocarbons. These samples were included in 
geochemical ratio graphs through OriginLab 2017. 
 A GIS map was created to determine the location of these wells in relation to the 
Majorie C. Yanity 1025 deep injection well. According to regulation, it is required for a 
geological assessment to be performed within 402 m (one-quarter mile) of a deep 
injection well. In addition, geologic structures are evaluated within 1609 m (1 mile) of 
the injection well.Through GIS, a 402 m (1/4 mile), 805 m (1/2 mile) and 1609 m (1 
mile) radius was drawn around the Majorie C. Yanity 1025 well and the distance was 
measured (m) to determine well water locations in relation to the deep injection well. 
Conventional and unconventional wells and areas of acid mine drainage were also 
analyzed to determine potential sources of impacted water. 
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CHAPTER 3: MATERIALS AND METHODS 
3.1 Well Water Survey 
 A Well Water Survey was performed to collect information and data from 
residents in Farmington Township and Grant Township. This survey includes six 
questions that were asked to homeowners to gain a better understanding of their well, 
noting any additional information they shared. The questions have been approved by 
Duquesne University’s Institutional Review Board (IRB) and include: 
1. Do you have well water and where is your well located? 
2. What type of well is it? 
3. Do you know how deep the well is? Have you noticed any changes in your 
well depth? 
4. Have you noticed any changes in water quality, if so when? 
5. Have you noticed any change in the water flow or quantity? 
6. Have you had the water tested? Would you be willing to share those results? 
Each homeowner and researcher signed a Duquesne University approved consent form 
agreeing to be a participant in the study. This consent form identified the sources of 
funding, scope of the project, and confidentiality. 
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3.2 Water Sampling 
3.2.1 Contact 
 In Farmington Township, a resident drove to individual houses asking if they 
wanted to participate in this well water quality survey. The majority of the samples were 
taken from streams. In Grant Township, a resident handed out flyers at a township 
meeting and personally contacted residents in the area to see if they wanted their water 
tested. This is how the majority of the contacts were found. 
3.2.2 Collection 
The homeowner’s water collection was taken before a filtration system to ensure 
that the water reflected well water chemistry. Locations in which the water was collected 
from include the kitchen sink, outside spigot, or water tank. After the filtration system 
was bypassed, water chemistry parameters were analyzed and recorded using a Multi 
Meter. These parameters include: temperature, pH, dissolved oxygen, conductivity, and 
total dissolved solid (TDS). The water was purged and after ten minutes, a second water 
chemistry analysis was taken. In addition, water was collected for further analysis in 
three types of bottles: a sterilized 1L French glass jar; a pre-acidified sample with 10M 
nitric acid (HNO3) in a 50 mL French square bottle for metal preservation; and two 
samples were collected using 40 mL VOA butyl septa vials to analyze light hydrocarbons 
(Figure 12). The light hydrocarbon samples were collected without headspace to prevent 
the loss of gas. The samples collected were stored in a cooler over ice in the field and in a 
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refrigerator at 4˚C in the laboratory. Coordinates were also taken of the well by GPSmap 
62s by GARMIN.  
 Water samples were taken from surface water sources including streams, pot 
holes, and roadbeds. A method similar to those indicated above was used, except the 
water was not purged for ten minutes and only one water chemistry analysis was taken 
using the Multi Meter. 
 
Figure 12. Equipment used for field sample collection.  
 
3.3 Chemical Analysis 
3.3.1 Field Measurements via YSI 
A YSI- Multi Meter (YSI Incorporated, Yellow Springs, OH) was used to identify 
temperature, air pressure, dissolved oxygen, conductivity, specific conductivity, and pH 
through field analysis. Quality assurance and quality control (QA/QC) practices were 
followed through calibration of the YSI- Multi Meter once every two weeks. If more than 
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ten samples were collected within the two-week time span, the YSI was calibrated again. 
For groundwater samples, a sample was taken before and after a ten-minute purge, then 
recorded. The purpose of a ten-minute purge was to flush out the pipes. The average of 
the two chemical analyses were taken and recorded. Total dissolved solid (TDS) was also 
calculated. For surface water samples, one field measurement was taken.  
3.3.2 Anion Analysis via Ion Chromatography (IC) 
Seven anions were measured using ion chromatography (IC) analysis (Table 2). 
The procedure followed EPA Method 300.1. Before analysis, suspended solids were 
extracted from the water samples using a 0.45 μm polyethersulfone (PES) member filter 
(VWR International Brdigeport, NJ), and a Dionex OnGUard IIM filter (Dionext, 
Sunnyvale, CA). Dionex polyvials (Dionex, Sunnyvale, CA) were filled with 3 mL of the 
filtered sample.  
IC was performed with a Dionex ICS-1100 Ion Chromatography System equipped 
with a conductivity cell and UV/VIS detector. During anion separation, IonPac AG22 
guard Column (2 x 250 mm, 6 μm particle diameter) with an IonPac AG22 Guard 
Column (2 x 250 mm), and Dionex ARS-300 anion self-regenerating suppressor (Dionex, 
Sunyvale, CA) was used. Thermo Scientific Dionex Chromeleon 7 Chromatography Data 
System was used to collect and process data, along with instrument control. The 
Minimum Detection Limit (MDLs) are expressed in Table 2 for each target anion. 
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Table 2- List of 31 anions analyzed using the ICP-MS System. 
Anions Minimum Detection Limit (ppm) 
Fluoride (F) 0.035 
Chloride (Cl) 0.01 
Nitrite (NO2) 0.02 
Bromide (Br) 0.05 
Nitrate (NO3) 0.045 
Phosphate (PO4) 0.05 
Sulfate (SO4) 0.05 
 
3.3.3 Cation Analysis via ICP-MS 
Thirty-one cations and metals were measured using a Perkin-Elmer NexIon 300x 
Inductively Coupled Plasma Mass Spectrometer (ICP-MS) system in collaboration with 
Dr. Bain at the University of Pittsburgh (Table 3). The procedure followed EPA Method 
200.8, Revision 5.4 using an inductively Coupled Plasma Mass Spectrometry (ICP/MS) 
system. 60 mL water samples were filtered using a 0.45 μm PES filter (VWR, 
Bridgeport, NJ) and diluted with 2% HNO3. Deionized water, Type 1 reagent grade, was 
used to dilute solutions and prepare standards. Beryllium, germanium, and thallium 
standards were added to the samples as internal standards. Five-point calibration 
standards and blanks containing the standards were run before and after the samples were 
run. In addition, every tenth sample was run twice to ensure the instrument was working 
properly. Minimum detection limits for the samples analyzed are indicted in Table 3.  
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Table 3- List of 31 cations analyzed using the ICP-MS System. 
Cations Minimum Detection Limit (ppb) 
Lithium (Li) 0.008 
Boron (B) 2.533 
Sodium (Na) 0.527 
Magnesium (Mg) 3.504 
Aluminum (Al) 2.571 
Silicon (Si) 29.5 
Phosphorus (P) 2.098 
Potassium (K) 2.051 
Calcium (Ca) 2.464 
Titanium (Ti) 0.171 
Vanadium (V) 2.182 
Chromium (Cr) 0.097 
Manganese (Mn) 0.897 
Iron (Fe) 1.509 
Cobalt (Co) 0.133 
Nickel (Ni) 0.140 
Copper (Cu) 2.272 
Zinc (Zn) 1.202 
Arsenic (As) 0.239 
Selenium (Se) 0.566 
Rubidium (Rb) 0.002 
Strontium (Sr) 0.100 
Molybdenum (Mo) 0.096 
Silver (Ag) 7.996 
Cadmium (Cd) 0.021 
Tin (Sn) 0.243 
Antimony (Sb) 0.024 
Barium (Ba) 0.521 
Tungsten (W) 0.004 
Lead (Pb) 0.028 
Mercury (Hg) 0.066 
Uranium (U) 0.030 
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3.4.4 Light Hydrocarbons Analysis via Gas Chromatography (GC)  
 Six light hydrocarbons were analyzed at VaporTech Industries, Inc. in Valencia, 
PA (Table 4). This PA DEP Bureau of Laboratories is certified to perform Analytic 
Method WA1 for analysis of dissolved light hydrocarbons in water, and RSKSOP-175 
through gas chromatography using flame ionization detector (FID) and a thermal 
conductivity detector (TCD). The samples were collected in two 40 mL EPA VOC butyl 
speta vials designed for light hydrocarbons with no head space to prevent the loss of the 
dissolved gases. The water samples were analyzed within seven days of collection. A 
chain of custody form was signed by the researcher and the sample analyzer at 
VaporTech Industries Inc. to ensure QA/QC. The practical quantitation limit for the 
target light hydrocarbon are listed in Table 4.  
Table 4- List of 6 light hydrocarbons analyzed using the GC System. 
Light Hydrocarbons Practical Quantitation Limit (μg/L)  
Methane 0.20 
Ethane 0.01 
Ethene 0.01 
Propane 0.02 
Propylene 0.02 
Butane 0.03 
 
3.5 Reporting Results 
 After the samples were collected and analyzed, the data was compared to the 
EPA’s Primary and Secondary Drinking Water Standards and their maximum 
contaminant levels (MCL’s) shown in Table 5. 
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Table 5- List of analytes with EPA Primary and Secondary Drinking Water Standards and their 
Maximum Contaminant Levels (MCLs) in mg/L.  
Analytes with  
Primary Drinking Water Standards 
EPA MCL (mg/L) 
Antimony 0.006 
Arsenic 0.010 
Barium 2 
Cadmium 0.005 
Chromium 0.1 
Copper 1.3 
Fluoride 4.0 
Lead 0.015 
Mercury 0.002 
Nitrate 10 
Nitrite 1 
Selenium 0.05 
Uranium 0.03 
  
Analytes with  
Secondary Drinking Water Standards 
EPA MCL mg/L 
Aluminum 0.05 to 0.2 
Chloride 250 
Copper  1.0 
Fluoride 2.0 
Iron 0.3 
Manganese 0.05 
pH 6.5 to 8.5 
Silver 0.10 
Sulfate 250 
Total Dissolved Solids 500 
Zinc 5 
 
The participants received a copy of all of their data. If a particular water chemistry 
component, anion, cation, and/or light hydrocarbon was out of range or identified (for the 
light hydrocarbons) then it was indicated in the letter. Each participant also received a 
sheet of the EPA guidelines. If methane was detected, they also received a fact sheet on 
methane removal for a well. 
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3.5 Data Analysis- OrginLab 2017 and DeltaGraph 7.0 
 OriginLab 2017 was used to plot the data collected in this study alongside results 
from previous studies on the trends of chemical ratios for saline sources. DeltaGraph 7.0 
was used to create box and whisker graphs. Excel was used to create bar graphs, pie 
charts, and scatter plots and to aid in calculations from converting brine concentration 
from gallon/mile to gallon/yd2 and liter/m2.  
 
3.6 Data Analysis- Geospatial Analysis 
3.6.1 Warren County Stream and Sample Locations 
 The geospatial analysis information system ArcMap 10.5.1 (Esri, Redland, CA) 
was used to generate a map of Farmington Township. The roads in which streams are on 
were located. The brine data from 2016 was entered into GIS to determine which roads 
were the least, mid, and most heavily brined in 2016. Shown in Figure 13, the sample 
locations were determined by selecting an equivalent amount of locations that were least, 
mid, and most heavily brined in 2016. While collecting water samples, Figure 13 
determined the locations by using the coordinates obtained from GIS. Not all of the 
proposed sample locations were tested due to water accessibility. Locations that were 
downstream were also focused on.  
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Figure 13. Proposed sample locations in Warren County identified by the black circle. Amount of 
brine spread in 2016 is indicated by the green (least), yellow and orange (middle), and most (red) 
heavily brined roads. Map generated on GIS using PASDA municipality and local road data (2017). 
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In Warren County, 42 samples were collected from Farmington Township, and 
three samples were collected from Sugar Grove Township. The samples collected in 
Sugar Grove Township were on Trask Road (1) and Rounds Hill Road (2). Of the 
samples collected in Warren County, six were gathered from participants homes as 
groundwater samples. Thirty-nine samples were collected from surface water such as 
ponds, streams, and road potholes (Figure 14).  
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Figure 14. Samples collected in Warren County sorted into groundwater (blue) and surface water 
(red). Map generated on GIS using PASDA municipality, local road, and stream data (2017). 
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3.6.2 Indiana County Deep Injection Well 
The thirty-five groundwater and six surface water sampling locations and the 
location of the Majorie C. Yanity well (Figure 14) were mapped. A 402 m (0.25 miles) 
buffer was drawn around  the well which corresponds with  the region  the DEP analyzed 
to determine if this area is safe for a deep injection well. In addition, an 805 m (0.5 miles) 
and a 1609 m (1.0 mile) buffer were mapped around the well (Figure 15).   
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Figure 15. Samples collected in Indiana County sorted into groundwater (pink) and surface water 
(green). The black star indicates the location of deep injection well. Map generated on GIS using 
PASDA PA state, county, and municipality data. 
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CHAPTER 4: RESULTS 
4.1 Overview of Study Samples Collected 
 For this study, eighty-six samples were collected between Indiana County and 
Warren County. In Indiana County, 35 groundwater samples and 6 surface water samples 
were collected. In Warren County, 6 groundwater samples and 39 surface water samples 
were collected (Figure 16). 
 
Figure 16. Bar graph of total number of samples collected indicating groundwater (blue) and surface 
water (red) sources. 
 
4.2 Warren County 
4.2.1 Warren County Brine Road Spread 2016 Data 
  According to data obtained, one company spread approximately 1.71 million 
liters of brine along 1.59 million m2 of roads in Farmington Township between May- 
October 2016 (Table 6).  The width of the road was consistently recorded as 2.74 m (9 
ft).  
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Table 6- The total amount of brine spread per month in L/m2 by one company. 
Month    Amount (L)       Area (m2)   Rate (L/m2) 
First Spread 189,573 158,483 1.12 
May 139,423 124,477 1.12 
June 327,825 342,842 0.96 
July 158,875 138,028 1.15 
August 633,563 586,631 1.08 
September 236,763 203,489 1.16 
October 21,313 17,656 1.21 
Total 1,707,335 1,586,606 1.08 
 
The DEP recommendations state that the first brine spread of the season can be spread at 
a rate of up to 2.26 liters/m2 (one-half gallon per square yard). After the initial spread, it 
is recommended that no more than 1.36 L/m2 (one-third gallon per square yard) is spread 
on a road once per month (“DEP roadspread of brine for dust control and road 
stabilization,” 2011). The companies report in gallons/mile and the DEP permit is in 
gallons/yd2. Analysis of this paper is in liters/meter2 for scientific purposes, but 
gallons/mile and gallons/yard2 are also listed in the tables. 
In 2016, brine treatment began on May 5th. Throughout 2016, nineteen roads were 
treated (Table 7). 
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Table 7- Amount of first brine application on roads in 2016 by one company. 
Road          Gallon/mile      Gallon/yard2  Liters/meter2 
Braley Rd. 1136 0.22 0.98 
Cemetery Rd. 1111 0.21 0.96 
Dalrymple Rd. 1071 0.20 0.93 
Fairbanks Rd. 1212 0.23 1.05 
Fiddler Hill Rd. 1429 0.27 1.24 
Hessel Valley Rd. 2222 0.43 1.92 
Lanning Hill Rd. 800 0.15 0.69 
Ludwick Rd. 941 0.18 0.82 
Old State. Rd 1259 0.24 1.09 
Pine Ridge Rd. 1080 0.21 0.94 
Rhine Run Rd. 1143 0.22 0.99 
Rounds Hill 1111 0.21 0.96 
Samuelson Rd. 1364 0.26 1.18 
Stanton Hill Rd. 1818 0.35 1.57 
Thompson Hill Rd. 1143 0.22 0.99 
Townline Rd. 1231 0.24 1.07 
West Rd. 1421 0.27 1.23 
White Rd. 1400 0.27 1.21 
Wilson Rd. 1133 0.22 0.98 
 
Initially, Fairbanks Rd. was the most heavily brined (15,142 L) and White Rd. was the 
least heavily brined (2,713 L) (Table 8 and Figure 17a). Ludwick Rd. was spread with 
brine along the greatest surface area of 14,858 m2 and Hessel Valley Rd. was spread 
along the smallest surface area of 1,986 m2 (Table 8). As previously mentioned, the first 
brine treatment can be spread at a rate of up to 2.26 L/m2. All of the roads were spread in 
accordance to the DEP permit (Figure 17b). 
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Table 8- Amount of brine spread (L) along the road (m2) by one company. 
Road       Amount(L)          Area (m2) 
Braley Rd. 9,464 7,912 
Cemetery Rd. 11,356 9,494 
Dalrymple Rd. 5,678 4,747 
Fairbanks Rd. 15,142 12,658 
Fiddler Hill Rd. 7,571 6,329 
Hessel Valley Rd. 3,785 3,165 
Lanning Hill Rd. 7,571 6,329 
Ludwick Rd. 12,113 10,127 
Old State. Rd 12,870 10,760 
Pine Ridge Rd. 10,221 8,544 
Rhine Run Rd. 12,113 10,127 
Rounds Hill 7,571 6,329 
Samuelson Rd. 11,356 9,494 
Stanton Hill Rd. 7,571 4,907 
Thompson Hill Rd. 9,085 7,595 
Townline Rd. 12,113 10,127 
West Rd. 10,221 8,544 
White Rd. 2,650 2,215 
Wilson Rd. 6,435 5,380 
Total 189,573 158,483 
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Figure 17. First brine application of 2016 by one company with horizontal line (black) indicating 
DEP recommendations for (a) brine spread (L) against road length (m2) and (b) brine spread (L/m2). 
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the most with approximately 3,410 L. Lanning Hill Rd was spread the least with 
approximately 5,813 L. Pine Ridge Rd. was spread with brine along the greatest surface 
area, approximately 33,106 m2. White Rd. was treated along the smallest surface area, 
4,414 m2 (Table 10). 
Table 9- Amount of brine spread by one company in May 2016 that did not include the first 
treatment of the year. 
Road  Gallon/mile    Gallon/yard2     Liter/meter2 
Fairbanks Rd. 916 0.17 0.78 
Lanning Hill Rd. 750 0.14 0.64 
Ludwick Rd. 926 0.18 0.79 
Old State. Rd 1,179 0.22 1.01 
Pine Ridge Rd. 1,173 0.22 1.01 
Rhine Run Rd. 1,143 0.22 0.98 
 
 
Table 10- Amount of brine spread (L) and road surface area treated (m2) by one company in May 
2016 that did not include the first treatment of the year. 
Road    Amount (L)               Area (m2) 
Fairbanks Rd. 25,188 31,340 
Lanning Hill Rd. 5,813 8,828 
Ludwick Rd. 9,688 11,918 
Old State. Rd 12,788 12,359 
Pine Ridge Rd. 34,100 33,106 
Rhine Run Rd. 15,500 15,449 
Total 139,423 124,477 
 
As previously mentioned, after the initial spread, the DEP recommends that the 
brine should be spread at a rate of 1.36 L/m2. The six roads treated were in accordance 
with the DEP (Figure 18a and Figure 18b). 
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Figure 18. Brine spread in May 2016 by one company with horizontal line (black) indicating DEP 
recommendations for (a) brine spread (L) compared to road surface area (m2) and (b) brine spread 
(L/m2). 
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(Table 9). Roughly 327,825 L of brine were spread on the thirteen roads. Old State Rd. 
was treated with the greatest amount (approximately 107,338 L) and White Rd. received 
the least amount of brine (approximately 1,163 L). White Rd. was spread on the smallest 
surface area (approximately 750 m2) and Old State Rd. was treated along the greatest 
surface area (approximately 118,297 m2) (Table 12).  
 
Table 11- Amount of brine spread in June 2016 by one company. 
Road      Gallon/mile     Gallon/yard2      Liters/meter2 
Braley Rd. 1,350 0.26 1.16 
Dalrymple 
Rd. 833 0.16 0.71 
Fairbank Rd. 1,167 0.22 1.00 
Lanning Hill 
Rd. 1,293 0.24 1.11 
Ludwick Rd. 1,125 0.21 0.96 
Old State Rd. 1,034 0.20 0.89 
Pine Ridge 
Rd. 1,063 0.20 0.91 
Rhine Run 
Rd. 1,081 0.20 0.93 
Rowley Rd. 1,087 0.21 0.93 
Thompson 
Hill Rd. 1,032 0.20 0.89 
Townline Rd. 1,054 0.20 0.90 
White Rd. 1,765 0.33 1.51 
Wilson Rd. 1,429 0.27 1.22 
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Table 12- Amount of brine spread (L) and road surface area treated (m2) by one company in June 
2016. 
Road    Amount (L)              Area (m2) 
Braley Rd. 10,463 8,828 
Dalrymple Rd. 3,875 5,297 
Fairbank Rd. 24,413 23,836 
Lanning Hill Rd. 20,538 18,098 
Ludwick Rd. 27,900 28,250 
Old State Rd. 107,338 118,297 
Pine Ridge Rd. 71,688 76,805 
Rhine Run Rd. 15,500 16,332 
Rowley Rd. 9,688 10,152 
Thompson Hill Rd. 12,400 13,684 
Townline Rd. 15,113 16,332 
White Rd. 1,163 750 
Wilson Rd. 7,750 6,180 
Total 327,825 342,842 
 
The amount of brine spread when compared to road length for each road remains 
along the trend line, with one point on the line (Figure 19a). White Rd. was spread at a 
rate that exceeded the DEP permit plan by 0.15 L/m2. The remaining twelve roads were 
in accordance with the recommendation of being spread at a rate no more than 1.36 L/m2 
(Figure 19b).  
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Figure 19.  Brine treatment in June 2016 by one company with horizontal line (black) indicating DEP 
recommendations for (a) brine spread (L) compared to road surface area (m2) and (b) brine spread 
(L/m2). 
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In July 2016, ten roads were treated with brine at 11.47 L/m2 (Table 13). Rhine 
Run Rd. was spread at the least volume to mass ratio (1.00 L/m2) and Cemetery Rd. was 
spread with the highest ratio (1.44 L/m2) (Table 13). Approximately 158,875 L of brine 
was spread amongst the roads. Old State Rd. was treated with the greatest amount 
(roughly 41,850 L) and Rowley Rd. was spread with the least amount of brine 
(approximately 55,813 L) (Table 13). Old State Rd. was treated with brine along the 
largest road surface area of roughly 38,844 m2. Braley Rd. was spread with brine along 
the smallest surface area of approximately 4,856 m2 (Table 14).  
 
Table 13- Amount of brine spread in July 2016 by one company. 
Road             Gallon/mile             Gallon/yard2       Liter/meter2 
Braley Rd. 1,364 0.26 1.17 
Cemetery Rd. 1,675 0.32 1.44 
Fairbank Rd. 1,394 0.26 1.20 
Old State Rd. 1,227 0.23 1.05 
Pine Ridge Rd. 1,191 0.23 1.02 
Rhine Run Rd. 1,164 0.22 1.00 
Rowley Rd. 1,250 0.24 1.07 
Townline Rd. 1,429 0.27 1.22 
Trask Rd. 1,429 0.27 1.22 
Wilson Rd. 1,261 0.24 1.08 
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Table 14- Amount of brine spread (L) and surface area of road treated (m2) by one company in July 
2016. 
Road         Amount (L)               Area (m2) 
Braley Rd. 5,813 4,855 
Cemetery Rd. 25,963 17,656 
Fairbank Rd. 15,500 12,668 
Old State Rd. 41,850 38,844 
Pine Ridge Rd. 9,688 9,270 
Rhine Run Rd. 27,513 26,926 
Rowley Rd. 5,813 5,297 
Townline Rd. 7,750 6,180 
Trask Rd. 7,750 6,180 
Wilson Rd. 11,238 10,152 
Total 158,875 138,028 
 
When comparing the July 2016 Farmington Township Brine Data to the DEP spread rate 
recommendations, Cemetery Rd. surpassed the amount indicated in the permit by 0.08 
L/m2 (Figure 20a and Figure 20b). The remaining nine roads were in accordance with the 
DEP. 
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Figure 20. Brine treatment in July 2016 by one company with horizontal line (black) indicating DEP 
recommendations for (a) brine spread (L) compared to road surface area (m2) and (b) brine spread 
(L/m2). 
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 In August 2016, eleven roads were treated with brine totaling 12.46 L/m2 (Table 
15). Trask Rd. was spread with the least amount, 0.61 L/m2, and Townline Rd. was 
spread with the highest amount, 1.59 L/m2 (Table 15). 633,563 L were spread amongst 
the roads in August. Pine Ridge Rd. was spread with the greatest amount of brine, at 
208,088 L, and Fairbanks Rd. was spread with the least amount at 2,325 L (Table 16). 
The total road surface area treated with brine was 586,631 m2 of brine. Pine Ridge Rd. 
was treated along the greatest road surface area, 205,255 m2 and Fairbanks Rd. was 
spread at the smallest surface area of 1,765 m2 (Table 16).  
 
Table 15- Amount of brine spread in August 2016 by one company. 
Road        Gallon/mile        Gallon/yard2  Liter/meter2 
Cemetery Rd 1,667 0.32 1.43 
Dalrymple 
Rd. 902 0.17 0.77 
Fairbanks Rd. 1,500 0.28 1.29 
Old State Rd. 1,176 0.22 1.01 
Pine Ridge 
Rd. 1,155 0.22 0.99 
Rowley Rd. 1,531 0.29 1.31 
Trask Rd. 714 0.14 0.61 
Thompson 
Hill Rd. 1,306 0.25 1.12 
Townline Rd. 1,850 0.35 1.59 
West Rd. 1,343 0.25 1.15 
Wilson Rd. 1,392 0.26 1.19 
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Table 16- Amount of brine spread (L) and road surface area treated (m2) by one company in August 
2016. 
Road        Amount (L)                Area (m2) 
Cemetery Rd 13,563 9,270 
Dalrymple Rd. 14,338 18,098 
Fairbanks Rd. 2,325 1,766 
Old State Rd. 191,425 185,391 
Pine Ridge Rd. 208,088 205,255 
Rowley Rd. 29,063 21,629 
Trask Rd. 3,875 6,180 
Thompson Hill Rd. 18,213 15,891 
Townline Rd. 14,338 8,828 
West Rd. 36,425 30,899 
Wilson Rd. 101,913 83,426 
Total 633,563 586,631 
 
In August, both Cemetery Rd. and Townline Rd. were spread at a rate greater than the 
DEP recommendations. Cemetery Rd. exceeded the DEP permit by 0.07 L/m2 and 
Towline Rd. was 0.23 L/m2 above the recommendation of 1.36 L/m2 (Figure 21a and 
Figure 21b).   
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Figure 21. Brine treatment in August 2016 by one company with horizontal line (black) indicating 
DEP recommendations for (a) brine spread (L) compared to road surface area (m2) and (b) brine 
spread (L/m2). 
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In September 2016, sixteen roads were spread with brine. The total amount spread 
is 18.59 L/m2 (Table 17). Trask Rd. was treated with the least amount of brine, 0.66 
L/m2, and Stanton Hill Rd. was treated with the most amount of brine, 1.56 L/m2 (Table 
17). The total amount spread was 22,206 L amongst the sixteen roads.  Old State Rd. was 
spread with the greatest amount of brine (38,750 L) and Trask Rd. was treated with the 
lowest amount of brine (3,875 L) (Table 18). In total, 203,489 m2 was treated with brine. 
Of these roads, Old State Rd. was treated along 33,106 m2, which was the greatest 
surface area. Brown Hill Rd. was treated along the smallest surface area, 4,414 m2 (Table 
18). 
Table 17- Amount of brine spread in September 2016 by one company. 
Road               Gallon/mile                Gallon/yard2        Liter/meter2 
Braley Rd. 1,389 0.32 1.43 
Brown Hill Rd. 1,429 0.28 1.29 
Cemetery Rd. 2,222 0.25 1.13 
Dalrymple Rd. 1,231 0.26 1.19 
Ludwick Rd. 1,333 0.23 1.06 
Old State Rd. 1,429 0.25 1.14 
Pine Ridge Rd. 1,191 0.27 1.22 
Rhine Run Rd. 1,280 0.23 1.02 
Rounds Hill Rd. 1,467 0.24 1.10 
Rowley Rd. 1,364 0.28 1.26 
Trask Rd. 769 0.15 0.66 
Townline Rd. 1,177 0.22 1.01 
Welt Rd. 1,304 0.25 1.12 
West Rd. 1,458 0.28 1.25 
Wilson Rd. 1,346 0.25 1.15 
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Table 18- Amount of brine spread (L) and road surface area treated (m2) by one company in 
September 2016. 
Road            Liter                   Meter2 
Braley Rd. 7,750 5,297 
Brown Hill Rd. 5,813 4,414 
Cemetery Rd. 19,375 16,774 
Dalrymple Rd. 19,375 15,891 
Ludwick Rd. 12,400 11,477 
Old State Rd. 38,750 33,106 
Pine Ridge Rd. 11,625 9,270 
Rhine Run Rd. 29,063 27,809 
Rounds Hill Rd. 12,400 11,035 
Rowley Rd. 8,525 6,621 
Trask Rd. 3,875 5,738 
Townline Rd. 7,750 7,504 
Welt Rd. 11,625 10,152 
West Rd. 13,563 10,594 
Wilson Rd. 27,125 22,953 
Total 236,763 203,489 
 
One road was treated with brine at a rate greater than the DEP permit recommendations. 
Braley Rd. exceeded by 0.07 L/m2.The remaining roads were in accordance with the 
permit plan (Figures 22a and 22b). 
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Figure 22. Brine treatment in September 2016 by one company with horizontal line (black) indicating 
DEP recommendations for (a) brine spread (L) compared to road surface area (m2) and (b) brine 
spread (L/m2). 
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October was the last month that brine was spread. Only two roads were treated 
one time. The total amount of brine spread was 2.23 L/m2 (Table 19). 21,313 L was 
spread between the two roads. Old State Rd. received 5,813 L of brine and Pine Ridge 
Rd. was treated with 15,500 L of brine. Overall, the total surface area that received brine 
treatment was 17,656 m2. Old State Rd. was brined at a surface area of 7,063 m2 and Pine 
Ridge Rd. received brine along 10,594 m2 (Table 20). 
 
Table 19- Amount of brine spread in October 2016 by one company. 
Road      Gallon/mile       Gallon/yard2       Liter/meter2 
Old State Rd. 9,378 0.18 0.80 
Pine Ridge 
Rd. 1,667 0.32 1.43 
 
Table 20- Amount of brine spread (L) and surface area of road treated (m2) by one company in 
October 2016. 
Road                Amount (L)                    Area (m2) 
Old State Rd. 5,813 7063 
Pine Ridge Rd. 15,500 10594 
Total 21,313 17656 
 
Out of the two roads treated in October 2016, Pine Ridge Rd. was spread at a rate greater 
than the DEP recommendations. It was spread with 0.07 L/m2 more than stated in the 
permit (Figure 23a and Figure 23b). 
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Figure 23. Brine treatment in September 2016 by one company with horizontal line (black) indicating 
DEP recommendations for (a) brine spread (L) compared to road surface area (m2) and (b) brine 
spread (L/m2). 
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Between May 2016- October 2016, 1,566,180 L of brine was treated on 1,480,292 
m2 of road (Table 21). Overall, Old State Road was the most heavily brined in between 
May 2016-October 2016 at 402,119 L. Brown Road was the least heavily brined road 
5,685 L (Figure 24a). Old State Rd. was treated with brine along the greatest road surface 
area of 408,925 m2. Hessel Valley Rd. was brined along the shortest surface area (1,996 
m2) (Figure 24b). May 2016- October 2016 fall along a trend line (Figure 24c). 
 
Table 21- Total amount of brine spread on each road in 2016 by one company. 
Road Name      Amount (L)          Area (m2) 
Braley Rd. 32,973 28,829 
Brown Hill Rd. 5,685 4,435 
Cemetery Rd. 68,978 55,884 
Dalrymple Rd. 42,448 45,683 
Fairbanks Rd. 81,106 85,023 
Fiddler Hill Rd. 7,580 6,209 
Hessel Valley Rd. 3,790 1,996 
Lanning Hill Rd. 33,352 38,143 
Ludwick Rd. 61,019 66,972 
Old State Rd. 402,119 408,925 
Pine Ridge Rd. 277,428 288,732 
Rhine Run Rd. 128,026 108,662 
Rounds Hill Rd. 19,708 19,071 
Rowley Rd. 51,923 43,909 
Samuelson Rd. 11,370 9,757 
Stanton Hill Rd. 7,571 4,807 
Thompson Hill Rd. 38,537 45,419 
Towline Rd. 56,092 50,561 
Trask Rd. 15,160 18,184 
Welt Rd. 11,370 10,201 
West Rd. 48,891 43,465 
White Rd. 6,146 5,210 
Wilson Rd. 96,266 78,814 
Total 1,536,315 1,469,204 
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Figure 24. Total brine treatment in 2016 by one company (a) amount spread on each road (L), (b) 
surface area of road treated (m2), and (c) brine spread (L) compared with road length (m2). 
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proximity to Farmington Township include Chandlers Valley, PA (roughly 6.7 km away), 
Frewsburg, NY (roughly 14.9 km away), Warren, PA (roughly 16.0 km away), and 
Jamestown, NY (roughly 16.5  km away). The distances were determined relative to 
collection sites MS1124 and MS1138. The areal precipitation (cm) was calculated using 
the reciprocal-distance-squared method (Chow, Maidment, & Mays, 1988). The dataset 
was not complete for the Frewsburg and Jamestown stations.  
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Figure 25. Amount of precipitation (cm) in 2016 with gray bars indicating dates of brine road 
treatment (a) May, (b) June, (c) July, (d) August, (e) September, and (f) October 
(NOAA,  https://www.ncdc.noaa.gov/cdo-web/datatools/findstation, accessed April 8, 2018). 
 
4.2.3 Distance Between Roads and Streams 
A map was generated on GIS to determine if the roads that received brine 
application come within 45 m (150 ft.) of a body of water (Figure 26).  
(f) 
 80 
 
Figure 26. Farmington Township map indicating liters of brine on each road and streams with a 150 
ft. buffer. Map generated with PASDA municipality, local road, and stream data (2018). 
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It appears that many of roads where brine application has occurred intersects with a body 
of water that is within 45 m of the road. There are two roads, Lanning Hill Rd. and 
Samuelson Rd., which received treatment that do not come within 45 m of a stream 
(Table 22).  
Table 22- Total road length (km) with number of times the road is within 45 m (150 ft) of a body of a 
stream. An Asterisk indicates that there is a measurable distance in which the stream and road 
intersect. 
Road Road Length (km)            Times Within 45 m  
Braley Rd. 1.31 1 
Cemetery Rd. 3.01 3 
Dalrymple Rd. 0.55 1 
Fairbanks Rd. 3.47 3 
Fiddler Hill Rd. 3.10                                         2*                  
Hessel Valley 
Rd. 0.73 2 
Lanning Hill 
Rd. 3.90 0 
Ludwick Rd. 4.29 2 
Old State Rd 9.90 4 
Pine Ridge Rd. 4.86 1 
Rhine Run Rd. 6.68                                         3*    
Rounds Hill Rd. 1.63                                         3*    
Rowley Rd. 2.28 1 
Samuelson Rd. 4.15 0 
Stanton Hill Rd. 2.57 1 
Thompson Hill 
Rd. 3.29 2 
Townline Rd. 1.55 3 
Trask Rd. 1.57 4 
West Rd. 6.56 2 
White Rd. 2.31                                         1*  
Wilson Rd. 3.29 4 
 
Fiddler Hill Rd., Rhine Run Rd., Rounds Hill Rd., and White Rd. run along a 
stream for a measurable length. The GIS map in Figure 26 was used to measure the 
distance. Fiddler Hill Rd. ran along a stream for roughly 1.07 km and 2.03 km does not 
run along a stream. Rhine Run Road intersects 45 m within a stream for approximately 
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1.60 km and 5.08 km does not intersect a stream. Rounds Hill Rd. is within a stream for 
roughly 0.38 km and 1.25 km does not run along a stream. Lastly, White Rd. is within 45 
m of a stream for approximately 0.30 km and 2.01 km does not intersect a stream. 
 
4.2.4 Brine Content Analysis 
Brine samples (company name withheld) analyzed by Microbac Laboratories, Inc. 
were used to compare with the samples results from this study. This company was issued 
a permit to spread brine in Farmington Township. However, this company’s brine spread 
data were not available for this study analysis.  
The brine samples were received at Microbac Laboratories, Inc. on April 14, 2016 
and reported on April 22, 2016. Brine Tank 1-A contained 52,000 mg/L of chloride and 
the TDS was 109,000 mg/L. Brine Tank 1- B was analyzed for calcium (8,270 mg/L), 
magnesium (1,360 mg/L), and sodium (23,900 mg/L) (Figure 27 and Table 23).  
Brine samples were also received on April 21, 2016 and reported on April 29, 
2016. Brine concentrations were analyzed from five tanks: Southwell Warren, Southwell 
Sugar Grove, Mead, Chautauqua Energy Church, and R+S Clark. Overall, Southwell 
Sugar Grove has the lowest concentrations for chloride (mg/L), TDS (mg/L), calcium 
(mg/L), magnesium (mg/L), and sodium (mg/L). Mead has the highest concentrations of 
the five parameters analyzed (Figure 27 and Table 23).  
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Figure 27. Brine sample analysis of chloride, TDS, calcium, magnesium, and sodium with 
concentrations in mg/L. 
 
Table 23- Brine sample analysis of five parameters with concentrations in mg/L. 
Sample Name Chloride TDS Calcium Magnesium Sodium 
Brine Tank 1 52,000 109,000 8,270 1,360 23,900 
Southwell Warren 55,000 112,000 8,430 1,310 23,700 
Southwell Sugar Grove 42,000 86,300 6,340 1,070 18,800 
Mead  73,000 144,000 11,900 1,800 30,700 
Chautauqua Energy Church 61,000 126,000 10,200 1,660 25,900 
R+S Clark 66,000 133,000 10,400 1,530 27,900 
 
4.2.5 Warren County Sample Results- November 2016 
The brining season to control dust on roads ends in October 2016 in Warren County. Data 
was collected in November 2016 to determine the water quality after the brining season. 
The surface water samples collected are not used for drinking water, however the 
concentrations are compared to the EPA Drinking Water Standards. Twelve samples 
were collected including six groundwater [(indicated by an asterisk (*)] and five surface 
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water samples. Of these twelve samples, one groundwater (5.4) and one surface water 
(6.3) were below the range for SMCL pH. The standard pH range determined by the EPA 
is between 6.5-8.5. One sample had a high total dissolved solid concentration, at 868.4 
mg/L, when compared to the SMCL of 500 mg/L. One sample had a high chloride 
concentration, 474.17 mg/L, when compared to the SMCL is 250 mg/L. One sample had 
high aluminum, 5.227 mg/L, when compared with the SMCL of 0.05 mg/L. Five samples 
had high manganese when compared with the SMCL of 0.05 mg/L (Figure 28a). Three 
samples had high iron when compared with the SMCL of 0.2 mg/L (Figure 28b). One 
sample had 0.013 mg/L of arsenic, which is above the MCL of 0.01 mg/L. One sample 
had 0.0484 mg/L of lead, which is also above the primary drinking water standard of 0.00 
mg/L. Methane was detected in every groundwater sample. Ethane, ethane, and propane 
were also detected in one sample. The sample that had ethane also had methane and 
propane.  
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Figure 28. Groundwater (*) and surface water samples collected in Farmington Township for (a) 
manganese where the horizontal (black) line indicates the EPA SMCL of 0.05 mg/L, and (b) iron 
where the horizontal (black) line indicates the EPA SMCL of 0.2 mg/L. 
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4.2.6 Residential Survey 
Six homeowners participated in a residential survey. Three homeowners clarified 
that their well was drilled, one was spring fed, one was rotary, and one individual was not 
sure (Figure 29). 
 
Figure 29. Type of groundwater well determined by five homeowners. 
 
The homeowners were asked how deep their well is. Four homeowners well depth varied 
from a range of 22.86 m (75 ft.) to over 45.72 m (150 ft.) The spring fed well was 1.2-1.5 
m (4-5 ft.) deep. One participant did not know how deep their well is. The homeowners 
were also asked if they have noticed any changes in their water quality. One person 
explained that they had their water tested in 2009 and the quality has declined since then. 
Three homeowners said they have not noticed a change in their water quality, but they do 
notice a sulfur smell. One person said that they noticed a difference in taste once. Lastly, 
one person did not know (Figure 30). One homeowner gave additional information on 
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their water quality. They explained that road runoff comes into their well. In addition, 
invasive species grew in their pond between 2012-2015. This pond gets runoff from the 
brine treated roads.  
 
Figure 30. Changes in water quality described by six homeowners. 
 
The homeowners were asked if they noticed a change in water quantity. Four individuals 
said no, one said they run out in the dry months, and one did not know. Lastly, the 
homeowners were asked if they have had their water tested before. Two people said yes. 
One of these individuals had low pH and the other resident had high coliform. There 
residents said they have not had their water tested before. Lastly, one person did not 
know.  
 
 
4.2.6 Warren County Sample Results- June and October 2017 
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Brining in Farmington Township was given a moratorium in April 2017. This 
banned brining for a sixty-day period. The DEP issued permits to two companies to allow 
the road spread of brine in 2017 beginning mid-June. 
On June 1, 2017 fifteen surface water samples were collected in Farmington 
Township and Sugar Grove Township. The companies did not have a permit to spread 
brine at this time. Six of the samples were above the SMCL for aluminum (Figure 31). 
Nine samples were above the SMCL for manganese (Figure 32). Five samples were 
above the SMCL for iron (Figure 33). Methane was detected in thirteen of the samples. 
The highest level detected was 247.13 µg/L (Figure 34). Ethane was detected in three of 
the samples and ethene was detected in two samples.  
On October 27, 2017 eighteen surface water samples were collected in 
Farmington Township and Sugar Grove Township. The samples were collected from the 
same locations as obtained in June. However, in October, one sample was collected from 
Dalrymple Road (Dalrymple Road 1). In addition, one additional sample was collected 
from a puddle on Pine Ridge Road (Pine Ridge Rd. 2) and from a stream on Old State 
Road (Old State Rd. 4). Lastly, one less sample was collected on Thompson Hill Road 
(Thompson Hill Road 2) due to the inability to reach the location. The samples that only 
had one water collection are indicated by an asterisk (*) in Figures 31-34. Twelve out of 
nineteen samples had concentrations that exceeded the EPA SMCL of 0.05 mg/L for 
aluminum (Figure 31). Twelve samples were found in concentrations that exceeded the 
SMCL of 0.05 mg/L for manganese (Figure 32). Twelve samples surpassed the SMCL of 
0.3 mg/L for iron (Figure 33). Methane was detected in seventeen samples. The highest 
concentration detected was 212.87 ug/L (Figure 34). 
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Overall, eight out of the fourteen sample locations that were taken in both June 
and October samples had an aluminum concentration that increased, while six 
concentrations decreased. Of the samples collected on Old State Road in both June and 
October, two concentrations decreased and one increased. On Rounds Hill Road, one 
sample had aluminum levels that increased and one sample decreased (Figure 31). Both 
samples collected on Cemetery Road decreased when collected in October. Overall, 
eighteen samples were above the SMCL for aluminum, 0.05 mg/L. Six of these samples 
were collected in June and twelve were collected in October (Figure 31). 
 
Figure 31. Aluminum concentrations (mg/L) in June 2017 (green) and October 2017 (orange). SMCL 
(0.05 mg/L) is indicated by the horizontal line (black). Asterisk (*) indicates location in which one 
sample was collected. 
 
 
Overall, eight out of the fourteen samples had concentrations of manganese that 
increased from June to October. Four samples concentration decreased and one remained 
the same (Old State Rd. 3). On Old State Road, one sample increased, one sample 
decreased, and one remained the same when comparing June to October (Figure 32). 
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Both samples collected on Rounds Hill Road increased in October. On Cemetery Road, 
one sample concentration slightly increased, while one sample concentration drastically 
decreased. Overall, twenty-one samples had manganese concentrations above the EPA 
SMCL of 0.05 mg/L. Nine of these samples were taken in June and twelve were collected 
in October (Figure 32). 
 
Figure 32. Manganese concentrations (mg/L) in June 2017 (green) and October 2017 (orange). SMCL 
(0.05 mg/L) is indicated by the solid horizontal line (black). Asterisk (*) indicates location in which 
one sample was collected. 
 
Eight samples of iron concentration increased from June to October, while six 
samples had concentrations that decreased. For the samples collected on Old State Road, 
two samples iron concentrations decreased from June to October, while one increased 
(Figure 32). Both samples collected on Rounds Hill Road and Cemetery Road had 
elevated iron concentration levels in October. Overall, seventeen of the samples collected 
had iron concentrations above the EPA SMCL of 0.3 mg/L. Five of these samples were 
collected in June and twelve were collected in October (Figure 33). 
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Figure 33. Iron concentrations (mg/L) in June 2017 (green) and October 2017 (orange). SMCL (0.30 
mg/L) is indicated by the solid horizontal line (black). Asterisk (*) indicates location in which one 
sample was collected. 
 
Methane was detected in thirteen out of the fifteen samples collected in June. The 
samples without methane were Rounds Hill Road 1 and Thompson Hill Road 2. 
Seventeen out of the eighteen samples collected in October had methane detected. The 
only sample without methane in October was Thompson Hill Road 1. Seven samples had 
an increase in methane levels and four had a decrease in methane. Methane was detected 
in the four samples that were only taken in October (Figure 34). 
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Figure 34. Methane concentrations (ug/L) in June 2017 (green) and October 2017 (orange). Asterisk 
(*) indicates location in which one sample was collected. 
 
 
Ethane was detected in three samples in June (Trask Road 1, Rounds Hill Road 1, 
Braley Road 1). Only one of these samples contained ethane in October (Braley Road 1) 
and the concentration decreased. Two samples detected ethane (Cemetery Road 2 and 
Old State Road 3) in June and none was not detected in October.  
4.3.8 2017 Precipitation Data  
 Precipitation data was available for Farmington Township, Warren County (Sugar 
Grove, PA) for 2017. It is unknown as to when the brine road spread began and ended, 
but in previous years it began in May and stopped in October. However, due to the 
brining memorandum, the road treatment should have begun mid-June. Since the exact 
date is unknown, the average precipitation was obtained from the period from May to 
October 2017. October experienced the least amount of rainfall at 10.11 cm (3.98 in) and 
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June had the most amount of rainfall at 0.14.30 cm (5.63 in) (Figure 34a). Precipitation 
was also analyzed for a week before each sample collection (June 1, 2017 and October 
27, 2017) because rainfall can potentially impact concentrations found in surface water 
samples. There was no precipitation during water sample collection. Between May 25, 
2017- May 31, 2017 2.82 cm (1.11 in) of rain fell (Figure 34b). There was no 
precipitation in between October 30- October 26, 2017.  
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Figure 35. Amount of precipitation from (a) May to October 2017 in Sugar Grove, PA and (b) May 25, 2017- 
May 31, 2017 (U.S. Climate Data, https://www.usclimatedata.com/, accessed  February 26, 2018). 
 
4.3.9 Geochemical Ratio Data Analysis- Warren County 2016 and 2017 
 The use of mass ratios can be helpful in determining if water sources have been 
contaminated. Indicator elements including Ba, Cl, Br, Sr, and SO4 are used, however 
they can be affected by dilution (Katz, Eberts, & J. Kauffman, 2011). Strontium isotopic 
ratios are useful for differentiating between Marcellus Shale produced water and other 
prospective sources of TDS in groundwater or surface water because it is an effective 
tracer of water-rock interactions and sources of anthropogenic contamination (Figure 36a 
and Figure 36b) (Chapman et al., 2012). Oil and gas brines are typically minimal in SO4 
and higher in Ba and Br. For example, the higher the Br/SO4 ratio, there is a greater 
chance that there has been input from brine (Brantley et al., 2014).  Acid mine drainage 
(AMD) is typically high in SO4 and variable in Ba and Cl. For example, the lower the 
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Br/SO4 ratio, the greater chance there has been input from AMD (Figure 36c) (Brantley 
et al., 2014).  
Three chemical ratios were used for the analysis of Warren County samples 
(Ca/Mg vs. Ca/Sr, Sr/Ca vs. Ba/Ca, and Br/SO4 vs. Ba/Cl) (Figure 36). The dashed lines 
in Figure 36a found at 100 mg/L and 10 mg/L were based off of Tisherman and Bain (in 
preparation). The samples less than 10 mg/L indicate unconventional brines, the samples 
between 10 mg/L and 100 mg/L indicate conventional oil brines, and the samples above 
100 mg/L indicate clean water The dashed line in Figure 36b were based off of the 
sample concentrations for unconventional flowback water and Venango conventional oil 
brines. The solid lines in Figure 36c were established in Brantley et al, 2014. There were 
no Warren groundwater samples with bromide detected (Figure 36c). In all of the graphs, 
there are no definite boundary lines because the samples can be affected by different 
sources. 
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Figure 36. Graphs for Warren County groundwater and surface water samples, with flowback 
water, produced water, and oil brines from Pennsylvania using the mass ratios of (a) Ca/Mg vs. 
Ca/Sr (Tisherman and Bain, in preparation),  (b) Sr/Ca vs. Ba/Ca (Chapman et al., 2012), and (c) 
Br/SO4 vs. Ba/Cl (Brantley et al., 2014). The circle indicates a sample that has been potentially 
impacted. 
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4.2.10 Warren County Brine Photographs 
    
Figure 37. Dalrymple Road taken after brine treatment on July 3, 2017. Note (b) pothole filled with 
mud (Used with permission from Farmington Township resident). 
   
 
Figure 38. Dried brine on car after driving down Dalrymple Road one time. Photo taken July 18, 
2017 (Used with permission from Farmington Township resident). 
(b) 
) 
(a) 
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Figure 39. Dalrymple Road after brine treatment in Farmington Township. Pictures taken August 
28, 2017 (Used with permission from Farmington Township resident). 
 
   
Figure 40. Rhine Run Road after brine treatment in Farmington Township (Used with permission 
from Farmington Township resident). 
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4.3 Conventional Brine, Unconventional Brine, and Warren Brine Tank Sample Data 
Analysis 
 Conventional (9 samples) and unconventional (73 samples) brine data were 
obtained. The conventional brine samples were collected in Venango County, PA, 
courtesy of Bruce Dixon from Redhorse Environmental. The unconventional brine 
samples came from an anonymous source; with one series from Bakken Formation (oil) 
and three series from Marcellus Shale. The 73 samples were collected between the four 
series.   
Sodium, magnesium, and calcium concentrations (log(mg/L)) were compared 
between conventional brine data, unconventional brine data, and Warren brine tank data. 
Results show that the unconventional brine data average concentration was higher than 
both conventional brines and Warren brine tank, however there was some overlap 
between the three types of samples. The greatest similarity in sodium concentrations was 
for the conventional brine samples and the Warren brine tank samples (Figure 41a).  
The analysis of magnesium concentrations (log(mg/L)) between conventional 
brine data, unconventional brine data, and Warren brine tank data show that the Warren 
brine tank samples are found at similar concentrations to conventional oil brines. The 
unconventional oil brines are found at concentrations lower than both conventional oil 
brines and Warren brine tank (Figure 41b). 
The analysis of calcium concentrations (log(mg/L)) indicate that unconventional 
brines are found at lower concentrations than conventional brines and Warren brine tank. 
The conventional brine data and Warren brine tank data are found at a similar 
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concentrations. The Warren County samples are found at lower concentrations than the 
conventional brine and Warren brine data (Figure 41c). 
 
(a) 
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(b) 
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Figure 41. Sample concentrations for conventional oil brines, unconventional oil brines, and Warren 
Brine Tank with a diamond (♦) indicating the mean concentration (log(mg/L))  for (a) sodium, (b) 
magnesium, and (c) calcium. 
 
4.4 Indiana County 
4.4.1 Residential Survey 
A survey was completed by each homeowner to determine information about their 
well, and water quality and quantity. 39 well water samples were taken. 19 homeowner 
wells were drilled, 4 were spring fed, 2 were rotary, 1 was artesian, 1 was cable tool, and 
11 were unknown (Figure 42). 
 
(c) 
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Figure 42. Type of well indicated by 39 homeowners in Indiana County. 
 
 Twelve of the homeowners knew the depth of their well. Nine wells were less 
than 100 ft and three were greater than 100 feet (Figure 43). Three of the homeowners 
did not know the exact depth of their well. One individual said over 50 ft., one said in the 
mid-100s ft. and one said over 200 ft. These samples that are not precise are indicated in 
light blue in Figure 43. Twenty-seven homeowners did not know their well depth. 
 
Figure 43. The depth of wells (blue) and approximate depth (light blue) indicated by homeowners. 
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 In general, the majority of the homeowners did not have complaints about their quality 
of water. Out of the thirty-nine well water samples, three individuals indicated that their 
water smelled like sulfur. Four individuals stated that their water was rusty, and one 
person said that their water tasted bitter (Figure 44). One person said that their water went 
bad after drilling (conventional) occurred. Twenty-six individuals did not have any 
complaints and four homeowners were not home (Figure 44).  
 
Figure 44. The number and types of complaints regarding water quality. 
 
Two of the homeowners water quantity decreased when drilling occurred in the 1990s, 
but it increased after the drilling stopped. One homeowner ran out of water four-five 
years ago. One homeowner used to run out of water, but their well was re-drilled and they 
do not have an issue with water quantity anymore. Three homeowners run out of water 
during the dry season. Twenty-three homeowners do not run out of water. Four 
homeowners were not home and did not answer the questions (Figure 45). 
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Figure 45. Water quantity indicated by homeowners in Indiana County. 
 
The homeowners were also asked if they have had their water tested in the past. Thirteen 
residents have not had their water tested. Four people were not home. Out of the people 
that have had their water tested, one person had sulfur and iron. Another homeowner had 
high concentrations of iron, totaling two homes with high levels of iron (Figure 46). One 
individual had heavy sediment. Five homeowners had bacteria in their water, but did not 
clarify what kind of bacteria was found. One person stated that they had hard water, but 
they did not know what was in it. Thirteen people stated that their water was good 
(Figure 46).  
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Figure 46. Pre-existing conditions found in surface water samples collected in Grant Township. 
 
4.4.2 Indiana County Sample Results 
Samples in Grant Township and Green Township were collected on May 23, 
2017, June 22, 2017, July 25, 2017, and September 12, 2017. Forty-one samples were 
collected. Of these samples, six were surface water (green) and thirty-five were 
groundwater (pink). The pH varied greatly amongst the samples collected. All of the 
surface water samples had a pH within the SMCL range. Nineteen of the groundwater 
samples pH was beneath the SMCL range for pH (Figure 47)  
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Figure 47. Indiana County pH samples collected groundwater samples (pink) and surface water 
samples (green) with the horizontal lines indicates the EPA SMCL range of 6.5-8.5 for pH.  
 
One sample had aluminum out of range, 0.461 mg/L, for the SMCL standards. 
The data for manganese was also analyzed. Nineteen samples had a concentration of 
manganese that was above the SMCL range of 0.05 mg/L (Figure 48). Out of the six 
surface water samples (green), three samples were above SMCL. Out of the thirty-five 
groundwater samples (pink), sixteen were above the SMCL for manganese (Figure 48). 
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Figure 48. Indiana County groundwater (pink) and surface water (green) samples collected with 
EPA SMCL of 0.05 mg/L indicated by horizontal (black) line. 
 
The concentrations of iron were also compared with the EPA SMCL of 0.3 mg/L. 
Twenty-one out of forty-one samples indicated levels of iron exceeding the SMCL. One 
sample had a very high concentration of 24.65 mg/L (Figure 49). Of these twenty-one 
samples with high concentrations, five samples were collected from a surface water 
(green) and sixteen were collected from groundwater (pink) (Figure 49). 
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Figure 49. Indiana County groundwater (pink) and surface water samples (green) collected for iron 
with horizontal line (black) indicating EPA SMCL (0.3 mg/L) 
 
Light hydrocarbon’s were analyzed for thirty-nine samples.  The two samples that were 
not examined were surface water. Methane was detected in twenty-two samples. Three of 
the samples with methane were surface water (Figure 50). All of these samples had trace 
amounts of methane except one ground water sample. This sample had 5996 µg/L. 
Ethane was detected in four of the thirty-nine samples tested. One sample detected 
ethane. Two samples detected propane. One sample detected propylene and one sample 
detected butane. 
0.00
5.00
10.00
15.00
20.00
25.00
30.00
Ir
o
n
 C
o
n
ce
n
tr
at
io
n
 (
m
g/
L)
Sample
 112 
 
Figure 50. Methane detected (blue) in 3 surface water samples and 19 groundwater samples 
collected. 
 
 
4.4.3 Geochemical Ratio Data Analysis- Indiana County 
Two chemical ratios were used for the analysis of Indiana County groundwater 
and surface water samples (Ca/Mg vs. Ca/Sr and Sr/Ca vs. Ba/Ca). The dashed lines 
found at 100 mg/L and 10 mg/L (Figure 51a) were based off of Tisherman and Bain (in 
preparation). The samples less than 10 mg/L indicate unconventional brines, the samples 
between 10 mg/L and 100 mg/L indicate conventional oil brines, and the samples above 
100 mg/L indicate clean water. The dashed lines in Figure 51b were based off of sample 
concentrations for conventional and unconventional oil brines. In both graphs there are 
no definite boundary lines because the samples can be affected by different sources.  
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Figure 51. Graphs for Indiana County groundwater and surface water samples, with flowback water, 
produced water, and oil brines from Pennsylvania using the mass ratios (a) Ca/Mg vs. Ca/Sr 
(Tisherman and Bain, in preparation) and  (b) Sr/Ca vs. Ba/Ca (Chapman et al., 2012). The black 
circles indicate samples potentially affected by oil and gas brines. 
(a) 
(b) 
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4.4.4 GIS Underground Injection Well Measurements 
A map was generated on GIS to determine the sample locations proximity to the 
Marjorie C. Yanity 1025 deep injection well site (Figure 52). There is one groundwater 
sample location, MS1087, within a 402 m (quarter mile) radius of the Marjorie C. Yanity 
1025 well. This was found at a distance of 286.51 m (Figure 52). A 402 m (quarter mile) 
radius from the sample locations was determined because this is the area that was 
monitored by the DEP. 
 There are four sample locations between 402m- 805m (one quarter of a mile and 
one half of a mile) radius.  MS1054 is 565.27 m away. MS1108 is located 726.35 m away 
from the deep injection well. MS1086 is located 729.01 from the well. Lastly, MS1059 is 
located 779.25 m away from the well (Figure 52). An 805 m (half mile) radius was 
examined because these sample locations are close to the Marjorie C. Yanity 1025 well.  
A radius of 805m-1609m (one half mile to one mile) between the sample 
locations and the Marjorie C. Yanity 1025 well was examined. Ten samples were 
collected that fell within this area: MS1015, MS1016, MS1019, MS1021, MSMS1060, 
MS1084, MS1085, MS1090, MS1091, and MS1114 (Table 24). Overall fifteen out of 
forty-one samples in Grant Township were collected within a 1609 m (one mile) radius of 
the Marjorie C. Yanity 1025 deep injection well.  
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Figure 52. Groundwater and surface water samples collected in relation to 402 m., 806 m., and 1609 
m from the Marjorie C. Yanity well. Map generated on GIS using oil and gas PASDA data (2018). 
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Table 24- Sample locations within one meter and one mile of the Marjorie C. Yanity 1025 well. 
 
 
 
 
 
 
 
 
 
 
 
 
4.4.5 Mine Analysis 
A GIS map was created using PASDA abandoned mine data to determine the 
locations of mines in relation to the Marjorie C. Yanity well (Figure 52). There are eight 
specific locations that are approximately 1609 m (1 mile) of the Marjorie C. Yanity 1025 
well that have been impacted. There are two areas northeast in which one is an 
abandoned coal surface mine and the other is an entry point for a coal mine (Table 25). 
There are also six locations southeast of the injection well. Four of these locations are 
impacted water sources from acid mine drainage (AMD). The other two are abandoned 
mine entry points (Table 25).  
The historical mine data in Indiana County was also analyzed through the Office 
of Surface Mining Reclamation and Enforcement (OSMRE) National Mine Map 
Repository (NMMR) database. It is important to note that this database may not be 
MS    Meter       Mile 
MS1087 287 0.178 
MS1054 565 0.351 
MS1108 726 0.451 
MS1086 729 0.453 
MS1059 779 0.484 
MS1015 807 0.501 
MS1060 810 0.503 
MS1085 838 0.521 
MS1016 871 0.541 
MS1090 1,028 0.639 
MS1091 1,028 0.639 
MS1084 1,106 0.687 
MS1114 1,297 0.806 
MS1019 1,550 0.963 
MS1021 1,584 0.984 
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complete. Within 1609 m (1 mile) of the injection well, there are three closed or 
abandoned mines. Two of these mines, Purchase Line #1 and Wayne #2, maps were last 
updated in 1958. The other mine does not have a complete record. Within an 8.05 km (5 
mile) radius, there are one hundred and fifty five mines that are closed or abandoned. The 
oldest recorded last updated map is 1909 and the newest date is 2016 (U.S. Department 
of the Interior, 2018).  
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Figure 53. Map of locations of acid mine drainage, areas of mine, and Majorie C. Yanity well. Map 
generated on GIS using municipality, acid mine drainage, digitized mines, and oil and gas data on 
PASDA (2018). 
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Table 25- Environmental impact of mines located near the Majorie C. Yanity 1025 well. 
Distance (m) Environmental Impact 
1379 
Abandoned entry 
point/opening 
1457 Impacted Water Source (AMD) 
1524 
Abandoned entry 
point/opening 
1686 Impacted Water Source (AMD) 
1742 
Abandoned entry 
point/opening 
1742 Dry strip mine 
1756 Impacted Water Source (AMD) 
1793 Impacted Water Source (AMD) 
 
A GIS map was also created using PASDA data for the abandoned mine to determine if 
there is a relation between AMD and samples collected with a low pH (less than 6.5) 
according to EPA SMCL (Figure 54). 
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Figure 54. Map of areas of acid mine drainage, Majorie C. Yanity well, and pH from samples 
collected. Map generated on GIS using municipality, acid mine drainage, and oil and gas data on 
PASDA (2018). 
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Eight water samples collected with low pH are near areas with abandoned mine (Table 
26). The sample collected that is roughly 867 m from an untreated discharge is also near 
three other locations that have untreated discharge. Two samples with low pH are near 
impacted water sources. Three samples are located near an abandoned entry point and 
three are located near a dry strip mine (Table 26). 
 
Table 26- Environmental impact of mines located near samples collected with low pH. 
Distance (m) Environmental Impact 
845 Abandoned entry point/opening 
867 
Impacted water source (untreated 
discharge) 
869 Dry strip mine 
956 Abandoned entry point/opening 
1,006 Abandoned entry point/opening 
1,063 Dry strip mine 
1,943 Dry strip mine 
1,910 Impacted water source (AMD) 
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CHAPTER 5: DISCUSSION  
5.1 Warren County  
5.1.1 Evaluation of 2016 Brine Spread Permit 
 A letter was sent on May 11, 2016 to a brine road application company from the 
Pennsylvania DEP Northwest District Oil & Gas Operations with the 2016 Brine 
Spreading Plan Review approving the application of brine through December 31, 2016. 
The operating requirements are stated below and the brine spread data that was obtained 
is analyzed with these requirements. According to the DEP, “The application of brine on 
unpaved roads must be performed in accordance with the approved plan.”  
A DEP requirement is that, “The brine may only be applied at a rate and 
frequency that is necessary to suppress dust and stabilize the road. The rate and frequency 
of application must be controlled to prevent the brine from flowing or running off into 
roadside ditches, streams, creeks, lakes, and other bodies of water or infiltrating to 
groundwater” (“DEP roadspread of brine for dust control and road stabilization,” 2011). 
The residents in Farmington Township have been complaining that the amount of brine 
spread is at an unnecessary rate (L/m2) and frequency. It is not well controlled because 
multiple companies are applying brine to the same roads. All of the companies may be in 
compliance, but with multiple companies applying brine the total spreading rate and 
frequency may be over the DEP recommended amount. There are no barriers along the 
road to prevent the brine from running off into surface water or groundwater sources. 
Creeks run along many of the roads in Farmington Township. For this reason, roadside 
surface water samples were collected. 
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The DEP’s recommended spreading rate is at follows, “The road should initially 
be spread at a rate of up to one-half gallon per square yard (typically after the road has 
been graded in the spring). The road should subsequently be spread at a rate of up to one-
third gallon per square yard no more than once per month unless- based on weather 
conditions, traffic volume or brine characteristics- a greater frequency is needed to 
control dust and stabilize the road” (“DEP roadspread of brine for dust control and road 
stabilization,” 2011). When analyzing the data provided from the 2016 brine application 
from one company, every road complied to the DEP’s recommend for the initial spread 
rate [up to 2.26 L/m2 (one-half gallon/yard2. After the initial brine treatment, each road 
can be spread up to 1.36 L/m2 (one-third gallon/yd2). In June, White Rd. surpassed the 
amount. In July and August Cemetery Rd. was treated with brine at an amount that 
exceeded the DEP recommendation (Table 27). Towline Rd. also exceeded the amount in 
August. In September, Braley Rd. was above the recommendation amount. Lastly, in 
October Pine Ridge exceeded the amount recommended (Table 27).   
 
Table 27- Roads that were treated in exceedance to the DEP permit plan. 
Month Road 
Rate 
(L/m2) 
June White Rd. 0.15 
July Cemetery Rd. 0.08 
August Cemetery Rd. 0.07 
August Towline Rd. 0.23 
September Braley Rd. 0.07 
October Pine Ridge Rd. 0.07 
 
Overall, one company may have exceeded the DEP recommendations six times 
when treating roads with brine in Farmington Township. Since multiple companies are 
applying brine to the roads, the amount of brine analyzed in this study is less than the 
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total amount spread on the roads. Although one company may be in compliance with 
DEP regulations, the total amount of brine spread between multiple companies may 
exceed the amount indicated in the DEP permit.  
According to the DEP, “Only production or treated brines may be used. The use 
of brine from Marcellus and other non-conventional shale formations is not appropriate 
for road spreading. The use of drilling, fracking, or plugging fluids or production brines 
mixed with well servicing or treatment fluids, except surfactants, is prohibited. Free oil 
must be separated from the brine before spreading” (“DEP roadspread of brine for dust 
control and road stabilization,” 2011). There are no direct records indicating if the brine 
used for road treatment in Farmington Township comes from conventional or 
unconventional wells. However, conventional brine data, unconventional brine data, and 
Warren brine tank data were compared. As previously mentioned, the Warren brine tanks 
were used as road treatment in Farmington Township, but through a different company 
than the one analyzed. Results conclude that the average of conventional oil brines are 
found in similar concentrations to Warren brine tanks for all of the parameters analyzed: 
sodium, magnesium, and calcium.  
A requirement issued by the DEP is that, “Brine must not be applied within 150 
ft. (45 m) of a stream, creek, lake, or other body of water” (“DEP roadspread of brine for 
dust control and road stabilization,” 2011). A map was generated with GIS to determine 
if brine application occurred within 45 m (150 ft.) of a body of water (Figure 25). It is not 
clear if the entire road was treated with brine, so it is uncertain if the company complied 
with the DEP’s requirement. However, every road that was treated with brine except for 
two (Lanning Hill Rd. and Samuelson Rd.) came within 45 m (150 ft.) of a stream. Four 
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roads were within 45 m of a stream for a significant length. These roads include: Fiddler 
Hill Rd., Rhine Run Rd., Rounds Hill Rd., and White Rd. It is unknown the exact 
location of brine treatment, but when comparing the length of the road to the number of 
times it comes within 45 m of a stream and for that length for select roads, it suggests that 
brine is potentially spread within 45 m for some of the roads (Figure 25).  
Table 22 identifies that Trask Rd. and Old State Rd. intersect the 45 m (150 ft.) 
stream boundary in four locations. Trask Rd. was not heavily brined, however Old State 
Rd. was the most heavily brined road in Farmington Township. Old State Rd. is also the 
longest road, so it is difficult to determine if the brine was applied where the stream 
intersects the road within 45 m. Wilson Rd. comes within 45 m of a stream in four 
locations. Cemetery Rd. intersects a stream boundary three times. Rowley Rd., Pine 
Ridge Rd., and Dalrymple Rd. intersect a stream boundary in one location. Mudd Rd. did 
not receive brine application and it comes within 45 m of a stream one time. 
 In the brine data analyzed for this study, there was a description for a few of the 
roads in the beginning of the brine treatment season, but it was not carried out for all of 
the months. Thus it was difficult to figure out where the road was actually treated because 
the descriptions were not given in detail. In some of the instances, there was visual 
evidence that the roads had received brine treatment such as salt crystals or iron oxide 
films (Figure 55). 
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Figure 55. Photograph taken at the sample location Cemetery Rd. 2, MS1131 (October 2017) 
 The 2016 precipitation data was analyzed to determine if the company was 
spreading brine on days of precipitation. All four locations (Chandlers Valley, Warren, 
Frewsburg, and Jamestown) were analyzed using the reciprocal-distance-squared method. 
There are twenty days in which precipitation occurred in at least one location on a day of 
brine road treatment (Table 28).  
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Table 28- Total amount of rainfall (cm) on days that brine was spread for one company in 2016.  
Date 
Total 
Rainfall 
(cm) Location 
Total Brine 
Amount (L) Road Treated 
6-May 0.003 Jamestown 43,206 
Fairbanks, Old State, 
Rounds Hill, Lanning Hill 
7-May 0.006 Frewsburg 15,918 Lanning Hill, Pine Ridge 
12-May 0.069 
Warren, Chandlers 
Valley 12,128 Rhine Run 
3-Jun 0.837 
Warren, 
Frewsburg, 
Jamestown 22,740 Ludwick, Pine Ridge 
9-Jun 0.019 
Warren, 
Jamestown 41,690 
Old State, Pine Ridge, 
Dalrymple, Cemetery 
16-Jun 0.075 
Chandlers Valley, 
Jamestown, 
Frewsburg 10,233 Old State  
21-Jun 0.097 
Chandlers Valley, 
Jamestown, 
Frewsburg 16,297 Fairbanks, Old State  
28-Jun 0.028 Jamestown 13,265 Old State 
30-Jun 0.003 Jamestown 18,950 Rowley, Old State 
6-Jul 0.085 
Chandlers Valley, 
Jamestown, 
Frewsburg 11,370 
Old State, Pine Ridge, 
Fairbanks 
29-Jul 0.054 
Warren, 
Frewsburg, 
Chandlers Valley 30,320 Cemetery, Braley, Rhine 
2-Aug 0.155 
Chandlers Valley, 
Jamestown 25,772 Old State, Wilson, Rowley 
22-Aug 0.395 
Warren, 
Jamestown, 
Frewsburg 7,580 Thompson Hill 
23-Aug 0.003 Jamestown 39,037 
West, Pine Ridge, Old State, 
Wilson, Rowley 
29-Aug 0.363 
Chandlers Valley, 
Jamestown 27,667 Old State, Wilson, Rowley 
30-Aug 0.003 Jamestown 15,918 Townline, Old State 
7-Sep 0.284 Warren 12,128 Ludwick 
12-Sep 0.005 Jamestown 25,393 Old State, Wilson, Rowley 
13-Sep 0.002 Jamestown 63,672 
Old State, Braley, Rhine 
Run, Welt, Pine Ridge, 
Dalrymple 
16-Sep 0.003 Jamestown 37,900 
Stanton Hill, Brown Hill, 
Cemetery, West 
21-Sep 0.003 Jamestown 34,868 
Fiddler Hill, Samuelson, 
Hessel Valley, Rounds Hill 
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 Precipitation apparently did occur on days of brine road treatment in multiple 
cases. However, it is difficult to determine if the company did spread brine during wet 
conditions as that would have required direct observation. However, the data suggests 
that brine may have been spread within a 24 to 48 hour window of a precipitation event. 
When rainfall occurs the day before brine treatment, the brine is not necessary because 
the water acts as a form of dust control. When precipitation occurs the day after brine 
treatment, it can potentially end up in streams as runoff. This relates back to how it is 
essential for companies to comply with the DEP regulations including: roads cannot be 
treated within 45 m of a stream and roads cannot be treated during wet conditions.  
 
5.1.2 Analysis of Samples Collected 
In November 2016 two samples collected showed concerning concentrations. 
Cemetery Rd. 2 had a high concentration of total dissolved solids (864.4 mg/L) also had a 
high chloride concentration of 474.17 mg/L. The high chloride concentration indicates 
that surface water may be influenced by the brine spread on the road. Thompson Hill Rd. 
pothole also had poor water quality. High concentrations of iron (5.35 mg/L), manganese 
(2.97 mg/L), and aluminum (5.23 ml/L) were detected. Overall, the water samples 
collected in November 2016 did not have very good quality.  
The surface water samples collected in June and October 2017 also did not have 
good water quality. The location of these samples are not used for drinking, but the EPA 
guidelines are used for comparison. Aluminum was detected in concentrations that 
exceeded EPA SMCL in eighteen samples. Out of the samples collected in the same 
location, eight aluminum concentrations increased from June to October. Manganese 
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concentrations were above EPA SMCL in twenty-one samples. Eight manganese 
concentrations increased from June and October. Seventeen samples contained high 
concentrations of iron. Eight of these samples increased from June and October. Lastly, 
methane was detected in thirty-one samples. Seven of the concentrations increased from 
June to October. There are two potential sources in which the methane came from. 
Typically if methane and an additional light hydrocarbon are found together, this 
suggests that the water has been impacted from drilling. If only methane is found, this 
typically suggests that methanogens, a methane producing bacteria, are in the water.   
Overall, these data suggest that the water quality declined between June and 
October 2017. The samples collected in June were before brine treatment began and the 
samples collected in October were obtained after brine treatment stopped.  Specifically, 
aluminum, manganese, and iron concentrations increased from June to October on Trask 
Rd., Rounds Hill Rd. 1, Wilson Rd., and Old State Rd. 2.  Methane increased at all of 
these locations except for Trask Rd (Table 29).  A reason for the decline in water quality 
could be because of an increase in brine treatment on these roads. However, there is no 
data to support that there was an increase in brine treatment. There are multiple other 
roads that may have been impacted from brine. Aluminum, manganese, and methane 
increased on Pine Ridge Rd. 1. Manganese, iron, and methane increased on Rounds Hill 
Rd. 2 and Cemetery Rd. 1 (Table 29). However, this is not able to be confirmed because 
brine spread data was not obtained. Precipitation could have also impacted the water 
samples collected in June. 
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Table 29. Aluminum, manganese, iron, and methane concentrations with asterisk (*) indicating the 
highest concentration for each month. Note all concentrations are recorded in mg/L except for 
methane (ug/L). 
Road Month 
Aluminum 
(mg/L) 
Manganese 
(mg/L) 
Iron 
(mg/L) 
Methane 
(ug/L) 
Trask Rd. 1 June 0.034 0.15 0.55 6.46* 
 
October 0.237* 0.44* 2.07* 1.87 
Rounds Hill Rd. 1 June 0.018 
0.05 0.23 ND 
 
October 0.393* 0.41* 1.04* 2.15* 
Wilson Rd. June 0.032 0.19 0.17 17.87 
 
October 0.045* 0.44* 0.24* 17.88* 
Old State Rd. 2 June 0.034 
0.09 0.29 5.18* 
 
October 0.123* 2.53* 0.86* 4.89 
Pine Ridge Rd. 1 June 0.022 
0.03 0.20* 1.74 
 
October 0.028* 0.04* 0.19 2.38* 
Rounds Hill Rd. 2 June 0.042* 0.05 0.22 4.51 
 
October 0.034 0.06* 0.29* 4.72* 
Cemetery Rd. 1 June 0.076* 
0.21 0.34 17.74 
 
October 0.05 0.45* 0.85* 70.2* 
 
The chemical ratio graphs for Ca/Mg vs. Ca/Sr and Sr/Ca vs. Ba/Ca indicated that 
most of the Warren groundwater and surface water samples did not cluster with 
conventional oil brines. The chemical ratio of Br/SO4 vs. Ba/Cl did indicate, however, 
that Cemetery Rd. (#3 collected in November 2016), had been affected by brines (Figure 
36c). This sample had high TDS of 868.4 mg/L, a high chloride concentration of 474.17 
mg/L, as well as bromide (0.72 mg/L).  
 
 
 
 131 
5.1.3 Analysis of 2016 Precipitation Data and Total Brine Treatment 
The precipitation data for 2016 was compared to the amount of brine spread data 
to aid in drawing conclusions regarding brine treatment. The initial brine spread is not 
included in this analysis, along with the month of May because the majority of initial 
brine spread occurred during this month. This was not analyzed because the required 
brine spread rate is higher for the first brine treatment on each road. The month of 
October is also not included in this analysis because brine treatment only occurred on one 
day. The average precipitation data was analyzed for both Chandlers Valley and Warren 
NOAA stations because these are complete data sets. 
Between June 2016- September 2016 July received the most amount of rainfall 
(18.03 cm) and the least amount of brine spread (155,202 L). August received the second 
most amount of rainfall (16.61 cm) and the most amount of brine (618,916 L) (Table 30). 
One would expect for June to be spread with the most amount of brine because there was 
the least amount of precipitation. One can suggest this because road treatment is used for 
dust control and precipitation is another form of dust control. However, an argument 
against this could be that it was cloudy the majority of the days, resulting in slower 
evaporation times. Similarly, one would expect August to be spread with the second 
lowest amount of brine because wet conditions occurred the second greatest. However, 
this cannot be exactly determine because it may have been sunnier and the water 
evaporated faster in August.  
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Table 30- Average precipitation for two NOAA weather stations (cm) and total amount of brine 
spread for one company (L) from June- September 2016. 
Month Average Precipitation (cm) Total Brine Spread (L) 
June 7.52 339,930 
July 18.03 155,202 
August 16.61 618.915 
September 11.62 254,001 
 
 
5.1.4  Analysis of 2017 Precipitation Data 
The water samples collected for this study occurred on June 1, 2017 and October 
27, 2017. There was 3.00 cm (1.11 in) of rainfall the week before the samples were 
collected in June. The samples collected in June may have been potentially diluted. There 
was no precipitation the week before samples were collected in October.  
June received the most amount of rainfall between May and October 2017. 
October and August 2017 received the least amount of rainfall. One would expect June to 
have the least amount of brine spread, while October and August would have the most 
amount spread because rain acts as a dust suppresser. Since there was a moratorium on 
brine as road treatment, brining should not have occurred before the first collection of 
water samples. The amount of rain can correspond with water sample analysis. It can 
increase runoff into bodies of water, which can decline the water quality. However, 
precipitation can dilute the salts, which may not show the true water quality. Since it is 
unknown as to how much brine was spread during these months, it is difficult to 
determine if precipitation affected the samples collected in this study.   
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5.1.5 Potential Environmental Health Impacts- Factor in Brine Content 
Dust can be problematic on roadways especially in rural areas. It contains 
different materials such as soil, ash, salt, and pollen. Particulate Matter (PM) is emitted 
directly from unpaved roads as dust. PM2.5 poses a health hazard because the particles are 
inhaled and can travel deep into the respiratory system, causing adverse symptoms (US 
EPA, 2016). In agricultural areas, such as Warren County, the dust on roadways can 
contain pesticides and other contaminants. Short-term exposure to these dust particles can 
cause respiratory issues and allergic reactions. PM2.5 can also affect soil and water 
quality, fish, and aquatic life (“Methods for Dust Control,” 2016). Wind disperses the 
particles and they can settle on soil or water. The nutrients in soil can be depleted and 
bodies of water can become more acidic (US EPA, 2016). It is essential to control dust, 
but brine road treatment creates additional environmental and health concerns. 
Brine from hydraulic fracturing contains very high concentrations of total 
dissolved solids, chloride, calcium, magnesium, and sodium. It is also thought that the 
brine contains volatile compounds. This is of concern because the high salt content and 
gas can get into surface waters through runoff. It is also of concern that it is migrating 
into the aquifer that supplies drinking water to the community.  
The naturally occurring radioactive material (NORM) radium that is potentially 
found in wastewater is also of concern. Radium forms from the decay of uranium (U-
238) and thorium (Th- 232), which are found in shale. Studies show that radium is found 
in produced water associated with Marcellus Shale (Rowan, Engle, & Kraemer, 2011). 
Radium is of particular concern due to its hazardous health impacts to animals and 
humans. It is known to damage lung cells, which can ultimately cause pulmonary cancer. 
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The primary routes of exposure are through inhalation and ingestion. This is concerning 
to individuals in Warren County where brine is spread on roads. Individuals have a 
chance of inhaling radium through essential rural-life tasks, such as farming. Crops and 
livestock uptake radium, which can negatively impact the lives of farmers and 
consumers. The Amish individuals are also a group of interest because their horse and 
buggies do not have windows to protect them from inhaling the dust as they travel. Since 
Farmington Township located in a rural agricultural area, residents, including children, 
are outside playing, walking on roads, farming, driving, etc. and are at potential risk of 
respiratory illnesses.  
5.1.6 Impact of Road Salt 
Salt is used during winter months for deicing operations on roads. Threats to 
aquatic ecosystems have been recognized at least as early as the 1960s that are associated 
with salt. An increase in sodium and chloride concentrations, the two main contents in 
road salt, have been found in surface water especially during winter months. This can 
threaten species in water that are not salt-tolerant, causing short-term and long-term 
effects (Corsi et al., 2010). A study analyzed the ionic concentrations in the Mohawk 
River, New York, and concluded that concentrations of Na+ and Cl- have increased 
between the 1950s-1990s. It appears that de-icing mechanisms, approximately 39 kg km-2 
day-1 of salt, is the cause of an increase in NaCl concentrations, from 16 to 46 kg km-2 
day-1 (Godwin, Hafner, & Buff, 2003). An additional study found that Na+ and Cl- 
concentrations were elevated between 1051-1953 and 1970-1974 due to de-icing methods 
(Peters & Turk, 1981, Godwin et al., 2003). It is important to examine alternatives for 
using salt on roads due to its impact that aquatic ecosystems and human health face.  
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5.1.7 Road Treatment Alternatives 
The 70.80 km (43.99 miles) of roads are mostly trafficked with approximately 
1,260 residents in the area (“Farmington Township | Warren County, Pennsylvania,” 
n.d.). However, a portion of the residents are Amish and use horse and buggies (Hopey, 
2016). The Amish residents have been complaining about the buggies getting stuck on 
the roads and the wheels being damaged from the brine. There are also complaints of 
having to use a hammer to get the brine off of vehicles because it turns into a cement 
consistency (Hopey, 2016). There are many alternatives for treating roads to control dust. 
One simple method is by reducing the speed limit. Vehicles at a high speed 
increase the amount of dust disturbed. This was evident while driving on the unpaved 
roads behind another vehicle and by looking in the rear view mirror (Figure 57). 
Decreasing the speed limit from 45 miles per hour (mph) to 35 mph can reduce the 
amount of dust stirred up by as much as 22% (“Methods for Dust Control,” 2016).  
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Figure 56. Photographs taken while collecting water samples in Farmington Township, June 2017. 
 
Another option is to treat the road with water. Applying water to the road will 
increase the moisture content on dirt roads, allowing the particles to stick together, 
ultimately reducing dust. Applying water on the road provides a short-term reduction in 
dust particles. Therefore, it is more effective to apply water on a regular basis rather than 
a large amount all at once (Withycombe & Dulla, 2006).  
 
5.2 Conventional and Unconventional Brine Samples Analysis 
5.2.1 Warren County Brine Tank Samples 
The brine samples that were collected from tanks in Warren County show very 
high concentrations of chloride, total dissolved solids (TDS), calcium, magnesium, and 
sodium. It is unknown if these samples are from conventional or unconventional oil 
brines, however they are found in similar concentrations to conventional oil brines. 
According to reports, this brine was used for road treatment in Farmington Township and 
the five parameters are found in concentrations that are potentially dangerous to 
ecosystem and human health. 
 The lowest TDS concentration was found at 86,300 mg/L and the highest TDS 
concentration was found at 144,000 mg/L. Both of these concentrations far exceed the 
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EPA SDWS of 500 mg/L. The noticeable affects identified by the EPA include hardness, 
colored water, staining, and salty taste. Although these are aesthetically pleasing issues, 
the TDS is high due to the additional chemicals found in the brine. 
The lowest chloride concentration was found at 42,000 mg/L and the highest 
concentration was 73,000 mg/L. Both of these greatly surpass the EPA SDWS of 250 
mg/L. The EPA relates high chloride concentrations to having a salty taste. Chloride is 
not directly found to negatively impact human health, however it is known to increase the 
rate of corrosion in metal pipes, ultimately leeching heavy metals into surface water and 
groundwater (“Health Criteria and other supporting information,” 1996). 
The lowest concentration of calcium found in the brine tanks was 6,340 mg/L and 
the highest concentration was 11,900 mg/L. Magnesium was also found in high 
concentrations where the lowest was 1,070 mg/L and the highest was 1,800 mg/L. 
Sodium was the final parameter measured and it was also found at very high 
concentrations. The lowest amount was 18,800 mg/L and the greatest was 30,700 mg/L. 
Calcium, magnesium, and sodium are all vital components in the body, except excessive 
amounts may be harmful. Although these are not directly related to impact ecosystem in 
human health, the extremely high concentrations make it potentially dangerous.  
5.2.2 Conventional and Unconventional Brine Samples Comparison with 
Warren Brine Tank  
Conventional (9) and unconventional (75) brine samples were analyzed to 
determine if there is a similarity between concentrations (mg/L) of sodium, magnesium, 
and calcium for conventional brines, unconventional brines, and Warren brine tank. As 
stated in a document, contents in the Warren brine tanks were used for road treatment in 
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Farmington Township. The Warren brine tank samples were found at similar 
concentrations to the conventional brine data. This suggests that the brine found in the 
Warren brine tank does come from conventional drilling activities.  
Unconventional oil brines are prohibited from being spread on roads for treatment 
due to the contents found in the brine. There was some overlap with unconventional brine 
samples for sodium and magnesium. This suggests that further research needs to be 
conducted on the safety of conventional brines being applied as road treatment.  
 
5.3 Indiana County 
5.3.1 Analysis of Samples Collected 
In general, the groundwater wells are not deep. Nine were less than 30.48 m (100 
ft) and three were greater than 30.48 m (100 ft). The greatest depth was thought to be 
over 60.96 m (200 ft). This is important to recognize because the fluid being injected can 
potentially impact the aquifer if the deep injection well is not properly constructed. Since 
the majority of the groundwater wells are not deep, there is less of a chance of the 
injection well to contaminate shallow aquifers. It is important to compare the depth of the 
deep injection well (2.29 km) and the depth of the casings to groundwater wells to 
determine if groundwater may be affected if a casing leaks or breaks due to improper 
construction.  
Overall, the majority of the residents did not have complaints about their water 
quality. Out of the sixteen homeowners that had their water tested previously, thirteen 
people had water that was in accordance with the EPA primary and secondary drinking 
water standards. Five of the residents had bacteria, which was the most common 
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contaminant. The samples collected determined that the most common pre-existing 
conditions include low pH (nineteen), high manganese (nineteen), and high iron (twenty-
one) when compared with the EPA SMCL. Methane was also detected in twenty-two out 
of thirty-nine samples. It is common to see elevated levels of manganese and iron in coal 
mining areas.  
The two chemical ratio graphs indicate that five samples may have been affected 
by conventional oil. In the Sr/Ca vs. Ba/Ca graph, groundwater sample MS1091 is 
potentially impacted and resembles Venango conventional oil brine samples. The sulfate 
concentration is high (306.74 mg/L) and methane was detected at 5.08 ug/L. 
Groundwater sample MS1018 is also similar to Venango conventional oil brines. The 
amount of calcium and strontium were relatively low, but barium was higher at 0.16 
mg/L.  The chemical ratio graphs of Ca/Mg vs. Ca/Sr demonstrated that two samples are 
within the boundary line of conventional oil brines (Tisherman and Bain, in preparation). 
These groundwater samples include MS1017 and MS1061. MS1017 had a strontium 
concentration of 0.30 mg/L and a calcium concentration of 28.46 mg/L, which may have 
potentially impacted the sample. Methane was detected at a level of 0.26 ug/L in sample 
MS1061. In MS1061 Sr was found at a level of 0.22 mg/L and Ca was found at a level of 
18.62 mg/L. The boundary line is not definite due to input from different sources, 
therefore MS1060 may have also been potentially impacted by conventional oil. This 
sample contained 35.24 mg/L of calcium, 0.14 mg/L of strontium, and 29.44 ug/L of 
methane. The elevated calcium concentration may indicate this sample has been 
potentially impacted by conventional oil or that there was limestone in the ground. 
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5.3.2 Low pH 
It is interesting that low pH was detected in these samples, similar to the case 
study published in 1997. In a study conducted by the DEP, water from 84 springs was 
collected in Indiana County in the Glenshaw Formation. Half of these spring waters had 
pH that was below the EPA guidelines of 6.5-8.5. When rain enters the groundwater, it 
dissolves alkaline material, resulting in a neutralized pH . In this study, 9 out of 20 
springs in the Allegheny Group had a low pH. The sites that had a low pH were in areas 
where mining had created acid mine drainage. If the pH is less than 4.5, it commonly 
indicates untreated acid mine drainage. This could be an explanation as to why the pH 
was low (Williams & McElroy, 1997).  
A map generated through GIS using PASDA data suggests similar findings. Six 
of the samples with low pH are less than 1609 m (one mile) of abandoned mines or 
identified areas of water impacted by acid mine drainage. Acid mine drainage is a 
potential cause of the low pH found. 
5.3.3 Deep Injection Well 
If properly constructed and operated, deep injection wells should not cause 
groundwater contamination. As discussed in section 1.6.2 the major concern with the 
injection of wastewater into wells is earthquakes. However, these is a possibility of 
groundwater contamination due to malfunctions in well bore casing and cement, in 
addition to improper well operations (Harrison 1983, 1985). Contaminants from failed 
casings can permeate into aquifers. To ensure that this does not happen, the well must be 
properly cased and for this casing to be below the deepest drinking/ground water well. 
Out of the samples collected for this study, the known deepest well was approximately 
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60.96 m (200ft.) Samples were not obtained from every home in Grant Township, so 
there may be deeper wells. According to the permit, the injection will take place between 
2,299- 2,323 m (7,544-7,620 ft.) underground. This is significantly beneath the drinking 
water wells found in this study. An additional cause of groundwater contamination comes 
from surface spills infiltrating an aquifer due to operational mistakes, but this not able to 
be scaled.  
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CHAPTER 6: SUMMARY, RECOMMENDATIONS, AND FUTURE 
DIRECTIONS  
Hydraulic fracturing wastewater disposal methods are important to analyze. As 
mentioned in 1.4.4 there are four types of disposal methods. This thesis focused on road 
brining and injection wells. The DEP regulations are based on volume, but it would be 
more useful to base them off of concentration and the salinity of conventional oil brines. 
There is strong evidence to document that certain roads are over brined due to multiple 
companies treating the roads without having specific locations to treat. There is also 
evidence that roads were treated by one company on days of precipitation. 
Analysis determined that there should be more stringent regulations on road 
brining. It is also imperative for intercorporate communications to confirm that the total 
amount of brine applied complies with DEP regulations. There needs to be stricter 
regulations on treating roads with brine, factoring in the amount that multiple companies 
spread. There should also be strict requirements on reporting data in the units indicated in 
the DEP permit (gallons/yd2). The consistency of units will help ensure that companies 
are in accordance with the regulations. The companies should also be required to report 
the exact location in which brine is spread for each treatment. This will help the DEP 
determine if the companies are spreading brine in locations that exceed 45 m (150 ft) of a 
body of water. This will also be useful in ensuring that companies are not heavily brining 
one section of a road, ultimately exceeding the maximum amount of brine required. 
Lastly, it is important to ensure that companies are not treating the roads before, during, 
or after precipitation. To ensure that brine is being spread during dry conditions, 
precipitation should be examined in depth. 
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Deep injection wells should also be analyzed in greater detail when determining a 
location. As of now, a survey is conducted within 402 m. (a quarter mile), but areas 
greater than this distance can also be impacted. The depth of groundwater wells within an 
extended area may be impacted, so this should be analyzed before operating a deep 
injection well.  
There are two categories of aquifers: unconfined and confined. Unconfined 
aquifers are found closer to the surface and lie beneath a water source. They do not take 
long to recharge due to precipitation and water supply from the body of water. Due to the 
close proximity of surface water, they are more easily contaminated from external 
sources, such as road brine treatment and accidental surface spills. Since the recharge rate 
is relatively fast, it does not take as long to clean out the contaminants as in a confined 
aquifer. A confined aquifer is deep beneath the surface and fed by underground 
tributaries. It is located within impermeable rock, making it free of external 
contamination. However, it is possible for direct contamination, which is a concern with 
deep injection wells. Since confined aquifers reside within impermeable rock, it will take 
centuries for groundwater recharge and requires percolation.  
Wastewater treatment and human health concerns can be linked to waste disposal. 
An interview with a resident in Farmington Township explained that many of the 
individuals in the community are getting sick with respiratory issues and cancer. One 
resident identified that they were treated in a hospital for respiratory illness in the 
summer of 2016. Another individual stated that she did not need an inhaler or have 
respiratory issues until she moved to a road where they used brine treatment (Hopey, 
2016). The radioactive materials found in hydraulic fracturing wastewater are also of 
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concern regarding pulmonary issues. Manganese exposure is concerning and has shown 
that it can lead to a decrease in IQ in children ages 6-13 (Rodriguez-Barranco et al 2013).  
There is a good amount of research that can be conducted relating to wastewater 
treatment. In Farmington Township, it would be interesting to analyze brine spreading 
during 2018. Samples should be collected every other week between mid-April and late 
October. The 2018 brine spreading reports, and precipitation data should also be analyzed 
to determine if the brine treatment is impacting water quality. It would also be 
noteworthy to study the radioactive materials in soil samples. This study obtained 
preliminary data before the deep injection well in Grant Township began operation. If 
possible, additional samples should be collected before the injection starts. Samples 
should also be collected from these same households a year, five years, 10 years, and 20 
years after operation began to determine if the groundwater quality has been impacted. 
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Appendix A: GIS Map Layer Sources 
Dataset Title Publisher Source Publication Date 
Oil and Gas Locations-  
Conventional and 
Unconventional 
Pennsylvania 
Department of  
Environmental 
Protection PASDA 2017 
Pennsylvania 
municipality boundaries 
Pennsylvania 
Department of  
Transportation PASDA 2017 
Pennsylvania county 
boundaries 
Pennsylvania 
Department of 
 Transportation PASDA 2018 
Pennsylvania local roads 
Pennsylvania 
Department of 
 Transportation PASDA 2017 
Pennsylvania state roads 
Pennsylvania 
Department of  
Transportation PASDA 2017 
Historic Streams 
Pennsylvania 
Department of  
Environmental 
Protection PASDA 2004 
Digitized Mined Areas 
Pennsylvania 
Department of 
 Environmental 
Protection PASDA 2018 
Abandoned Mine Land 
Inventory Points 
Pennsylvania 
Department of  
Environmental 
Protection PASDA 2018 
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Appendix B: YSI-Multimeter Data and Homeowner Survey Form 
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Appendix C: Example Letter to Homeowner 
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Appendix D: Homeowner Consent Form 
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Appendix E: Brine Sample Analysis 
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Appendix F: Brine Sample Analysis II 
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Appendix G: 2016 Brine Spread Request  
 
 
 
 
 
 166 
Appendix H: Brine Spread Approval Form  
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  Appendix I: 2016 Monthly Brine Spread Report  
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Appendix J: YSI-Multimeter Results 
Sample- 
Warren 
Sample 
Type 
Temp 
DO 
(%) 
DO 
(mg/L) 
pH 
Pressure 
(mmHg) 
Specific 
Cond. 
(µs/cm) 
Cond. 
(µs) 
TDS 
(mg/L) 
MS874 Groundwater 10.9 103.65 11.41 5.39 724.55 93.2 68.25 60.58 
MS875 Groundwater 11.3 38 4.08 6.96 722.8 229.2 169.5 148.98 
MS876 
Surface 
Water 12.05 68.35 7.36 6.25 724.1 167.05 126 108.5825 
MS877 
Surface 
Water 9.7 99.7 11.12 7.16 723.8 137.7 97.6 89.505 
MS878 
Surface 
Water 9.6 61 7.07 6.72 719.7 1336 945 868.4 
MS879 Groundwater 11.65 67.25 7.23 6.555 720.6 236.4 177.65 153.66 
MS880 
Surface 
Water 16 93.1 9.14 7.46 725.3 637 528 414.05 
MS881 
Surface 
Water 11.4 92 10 7.47 727.4 92.6 68.9 60.19 
MS882 
Surface 
Water 11.3 85.3 9.53 7.26 727.3 202.8 149.6 131.82 
MS883 Groundwater 16.05 9.35 0.865 7.12 724.65 307.15 253.8 199.6475 
MS884 Groundwater 13.3 9.5 4.01 6.695 723.8 452.25 351.4 293.9625 
MS885 Groundwater 13.05 14.8 1.575 7.32 724.35 323.55 250.2 210.3075 
MS1022 
Surface 
Water 12.8 77.7 8.13 7.49 722.2 267.3 205.4 173.745 
MS1023 
Surface 
Water 14.5 75.2 7.6 7.43 718.7 138.1 110.5 89.765 
MS1024 
Surface 
Water 15.4 68.9 6.8 7.16 721.8 283.3 231.9 184.145 
MS1025 
Surface 
Water 14.1 75.8 7.71 7.32 722.5 215.1 170.8 139.815 
MS1026 
Surface 
Water 16.8 82.8 7.96 7.4 718.3 138.6 117.1 90.09 
MS1027 
Surface 
Water 14.9 75 7.49 7.29 718.3 155.5 125.6 101.075 
MS1028 
Surface 
Water 21.1 174.3 15.49 7.99 718.3 484.2 446.7 314.73 
MS1029 
Surface 
Water 16 78.9 7.74 7.97 720.4 182.6 151.4 118.69 
MS1030 
Surface 
Water 19.3 77 7.04 7.71 721.3 115.8 103.4 75.27 
MS1031 
Surface 
Water 17.3 92.1 8.8 7.72 724.1 177.5 151.5 115.375 
MS1032 
Surface 
Water 17 72.9 7 7.55 720 151.9 128.7 98.735 
MS1033 
Surface 
Water 15 77.4 7.76 7.6 721 90.3 73.2 58.695 
MS1034 
Surface 
Water 14.7 73.8 7.43 7.49 720.1 82.6 66.5 53.69 
MS1035 
Surface 
Water 16.9 81.7 7.81 7.33 719.5 155 131.6 100.75 
MS1036 
Surface 
Water 21 88.4 7.85 7.69 727 197.2 182.2 128.18 
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MS1124 
Surface 
Water 7.6 97.8 11.7 7.51 719.4 199 132.8 129.35 
MS1125 
Surface 
Water 6 80.7 10.04 7.46 714.6 580.3 36.2 377.2 
MS1126 
Surface 
Water 7.3 79.8 9.6 7.31 715.6 189.6 125.6 123.24 
MS1127 
Surface 
Water 8.1 43.8 5.17 7.51 718.8 388.4 263.1 252.46 
MS1128 
Surface 
Water 7.7 89.7 10.7 7.63 719.5 273.3 182.9 177.65 
MS1129 
Surface 
Water 8.4 95 11.14 7.55 715.1 221.8 151.5 144.17 
MS1130 
Surface 
Water 7 71.7 8.69 7.52 715.5 214.5 140.8 139.43 
MS1131 
Surface 
Water 7.3 75.3 9.16 7.39 715.3 198.4 131.5 128.96 
MS1132 
Surface 
Water 8.7 95.2 11.08 7.58 717.1 281.9 193.9 183.24 
MS1133 
Surface 
Water 10.6 90 10.01 7.98 717 467.8 339.1 304.07 
MS1134 
Surface 
Water 11.3 94.3 10.31 7.82 715.6 474.1 350.4 308.17 
MS1135 
Surface 
Water 9.8 104.2 11.63 7.86 717.8 196.4 139.6 127.66 
MS1136 
Surface 
Water 9.6 112 12.74 7.92 720.6 253 178.6 164.45 
MS1137 
Surface 
Water 10.7 105.3 11.65 7.81 716.2 203.5 148 132.28 
MS1138 
Surface 
Water 8.5 107.9 12.46 7.9 717.5 105.2 72.1 68.38 
MS1139 
Surface 
Water 9.3 91.8 10.53 7.78 716.2 154.2 108 100.23 
MS1140 
Surface 
Water 12.8 141 14.83 9.01 722.6 255.5 196 166.08 
MS1141 
Surface 
Water 15.8 91.3 9.04 7.64 726.2 478.3 394.2 310.9 
Sample- 
Indiana 
         
MS1012 
Surface 
Water 
14.3 74.0 7.6 6.6 717.3 181.0 144.1 117.6 
MS1013 Groundwater 16.4 62.8 6.2 6.7 717.4 74.0 61.8 48.1 
MS1014 
Surface 
Water 
21.1 85.4 7.6 7.1 717.5 37.5 34.8 24.4 
MS1015 Groundwater 18.0 53.1 5.1 6.1 714.4 262.7 228.0 170.7 
MS1016 Groundwater 16.7 16.2 1.5 6.5 715.6 316.1 267.4 205.5 
MS1017 
Surface 
Water 
21.3 10.6 0.9 6.6 714.2 189.8 178.5 123.3 
MS1018 Groundwater 15.1 78.5 7.8 6.6 714.7 50.9 41.4 33.1 
MS1019 Groundwater 14.3 48.6 5.0 6.0 715.6 78.5 62.7 51.0 
MS1020 Groundwater 16.6 9.9 1.0 6.2 714.9 90.6 45.3 58.9 
MS1021 Groundwater 14.1 72.7 7.5 6.8 713.9 169.9 134.8 110.4 
MS1048 Groundwater 18.4 6.6 0.6 6.8 727.6 309.3 272.4 201.0 
MS1049 Groundwater 21.6 15.6 1.4 6.1 726.5 105.5 99.4 68.6 
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MS1050 Groundwater 18.0 35.1 3.3 6.2 720.9 135.7 117.9 88.2 
MS1051 Groundwater 17.4 57.0 5.5 5.6 721.6 66.6 57.0 43.3 
MS1052 
Surface 
Water 
17.6 58.7 6.5 6.9 722.2 181.1 157.1 117.7 
MS1053 Groundwater 14.4 77.2 7.9 6.0 721.3 51.4 41.2 33.4 
MS1054 Groundwater 15.3 8.2 1.2 6.6 718.5 758.5 619.0 493.0 
MS1055 Groundwater 20.9 7.1 0.6 6.8 718.1 831.0 766.0 540.2 
MS1056 Groundwater 14.5 46.4 4.7 5.8 719.4 625.1 506.4 406.3 
MS1057 Groundwater 16.8 71.1 6.9 5.3 720.3 54.6 46.6 35.5 
MS1058 
Spring 
Water 
12.3 72.2 7.7 5.1 720.3 48.8 37.1 31.7 
MS1059 Groundwater 27.8 9.9 0.8 6.7 720.9 173.4 181.9 112.7 
MS1060 Groundwater 22.5 8.4 0.7 7.0 720.1 250.3 239.7 162.7 
MS1061 Groundwater 20.7 52.2 4.7 6.6 713.1 134.5 123.6 87.4 
MS1084 Groundwater 18.8 14.1 1.3 6.3 724.0 99.3 87.6 64.5 
MS1085 
Spring 
Water 
19.5 40.6 3.7 5.5 724.8 49.4 44.2 32.1 
MS1086 Groundwater 18.8 18.3 1.7 6.1 724.8 165.2 145.6 107.3 
MS1087 Groundwater 14.2 43.0 4.4 6.9 722.2 342.8 272.9 222.8 
MS1088 Groundwater 16.3 8.6 0.8 5.5 722.8 382.6 319.4 248.7 
MS1089 
Surface 
Water 
24.6 81.3 6.5 6.5 723.0 82.0 81.3 53.3 
MS1090 Groundwater 22.0 58.6 5.2 7.0 721.8 498.0 464.2 323.7 
MS1091 Groundwater 17.3 9.3 0.9 7.1 721.9 653.0 557.0 424.5 
MS1092 Groundwater 14.3 14.9 1.5 6.5 726.3 518.3 413.4 336.9 
MS1107 Groundwater 17.8 9.3 0.9 7.4 718.6 255.7 221 166.2 
MS1108 Groundwater 17.4 53.5 5.1 6.9 720.2 255.1 218.7 165.8 
MS1109 Groundwater 15.9 59.7 5.9 7.2 719.9 394.2 326.9 256.2 
MS1110 Groundwater 14 39.3 4.1 7.4 718.9 325.7 252.6 211.7 
MS1111 Groundwater 20.6 35 2.9 7.4 716.5 222.6 205.4 144.7 
MS1112 Spring water 19.4 40.9 3.8 7.8 720.1 89.2 79.6 57.9 
MS1113 
Surface 
Water 21.7 65.8 5.8 7.7 720.6 91.7 85.9 59.6 
MS1114 Groundwater 16.7 71.8 7 7.1 720.2 125.3 105.6 81.4 
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Appendix K- IC Analysis Results 
Sample-
Warren 
Analysis 
Date 
Fluoride 
(mg/L) 
Chloride 
(mg/L) 
Nitrite 
(mg/L) 
Bromide 
(mg/L) 
Nitrate 
(mg/L) 
Phosphate 
(mg/L) 
Sulfate 
(mg/L) 
MS874 11/7/16 bdl 0.8098 bdl bdl 3.0527 bdl 7.6243 
MS875 11/7/16 0.0229 1.0832 bdl bdl 0.8369 bdl 8.9689 
MS876 11/7/16 bdl 3.9672 bdl bdl 5.6357 bdl 11.0424 
MS877 11/7/16 bdl 4.0662 bdl 0.0534 0.3653 bdl 6.7301 
MS878 11/7/16 bdl 474.1725 bdl 0.7196 3.6145 0.2472 2.7015 
MS879 11/7/16 0.0083 5.0089 bdl bdl 10.7115 bdl 13.3639 
MS880 11/7/16 0.0228 173.9091 bdl 0.059 8.7844 0.0702 22.7289 
MS881 11/7/16 bdl 3.283 bdl bdl 3.1397 bdl 8.0453 
MS882 11/7/16 bdl 18.3701 bdl bdl 2.3917 bdl 6.5988 
MS883 11/7/16 0.0318 1.7061 bdl bdl 1.0703 bdl 16.0252 
MS884 11/7/16 0.0181 7.4989 bdl bdl 1.6217 bdl 35.03 
MS885 11/7/16 0.0707 5.0964 bdl bdl 1.5263 bdl 7.3564 
MS1022 6/2/17 0.044 48.5271 bdl 0.3961 1.3169 bdl 4.1922 
MS1023 6/2/17 0.0398 1.1878 bdl bdl 0.6827 bdl 5.2615 
MS1024 6/2/17 0.0313 1.8829 bdl bdl 0.6579 bdl 6.1552 
MS1025 6/2/17 0.0454 15.9828 bdl 0.0618 1.7494 bdl 7.4154 
MS1026 6/2/17 0.0212 3.8815 bdl 0.0358 1.2426 bdl 5.1691 
MS1027 6/2/17 0.0444 1.4656 bdl bdl 0.5681 bdl 6.4741 
MS1028 6/2/17 0.0529 5.5608 bdl bdl 0.0108 bdl 0.983 
MS1029 6/2/17 0.0219 8.2919 bdl 0.0757 0.5174 bdl 3.9241 
MS1030 6/2/17 0.0346 1.6836 bdl bdl 0.6299 bdl 3.8322 
MS1031 6/2/17 0.041 5.612 bdl bdl 0.6355 bdl 5.1919 
MS1032 6/2/17 0.0298 4.1613 bdl bdl 1.1917 bdl 7.4872 
MS1033 6/2/17 0.0193 2.8861 bdl bdl 1.5675 bdl 6.6944 
MS1034 6/2/17 0.0247 2.8716 bdl bdl 2.0609 bdl 6.6807 
MS1035 6/2/17 NA NA NA NA NA NA NA 
MS1036 6/2/17 0.0327 5.2023 bdl bdl 1.3236 bdl 6.7643 
MS1124 10/30/2017 0.05 16.48 0.04 0.2 0.18 bdl 5.1 
MS1125 10/30/2017 0.03 134.12 bdl 1.11 bdl 0.08 7.64 
MS1126 10/30/2017 0.02 1.43 0.04 bdl bdl bdl 5.02 
MS1127 10/30/2017 0.02 1.78 bdl bdl bdl bdl 6.34 
MS1128 10/30/2017 0.03 17.63 bdl 0.07 0.11 bdl 9.12 
MS1129 10/30/2017 0.01 14.65 bdl 0.11 0.07 bdl 6.71 
MS1130 10/30/2017 0.03 0.86 bdl bdl 0.19 bdl 10.89 
MS1131 10/30/2017 0.08 0.85 bdl bdl 0.15 bdl 8.81 
MS1132 10/30/2017 0.03 25.2 bdl 0.23 0.15 bdl 5.7 
MS1133 10/30/2017 0.08 22.94 bdl bdl 9.43 bdl 8.7 
MS1134 10/30/2017 0.03 23.19 bdl bdl bdl bdl 7.91 
MS1135 10/30/2017 0.03 4.37 bdl bdl 0.1 bdl 5.59 
MS1136 10/30/2017 0.03 11.99 bdl 0.08 0.07 bdl 7.09 
MS1137 10/30/2017 0.03 7.28 bdl bdl bdl bdl 7.18 
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MS1138 10/30/2017 0.03 3.36 bdl bdl 2.7 bdl 6.76 
MS1139 10/30/2017 0.03 1.22 0.04 bdl bdl bdl 9.81 
MS1140 10/30/2017 0.03 10.44 bdl bdl 0.24 bdl 8.73 
MS1141 10/30/2017 0.06 32.05 bdl 0.19 0.03 bdl 19.18 
Sample-
Indiana         
MS1012 5/24/17 0.01 2.20 bdl bdl 1.59 bdl 28.02 
MS1013 5/24/17 0.02 1.30 bdl bdl 1.48 bdl 9.37 
MS1014 5/24/17 0.01 0.49 bdl bdl 0.13 bdl 8.23 
MS1015 5/24/17 0.02 27.54 bdl bdl 21.77 bdl 12.93 
MS1016 5/24/17 0.09 1.40 bdl bdl 0.86 bdl 84.45 
MS1017 5/24/17 0.04 11.22 bdl bdl 0.53 bdl 7.54 
MS1018 5/24/17 0.01 1.20 bdl bdl 0.90 bdl 9.13 
MS1019 5/24/17 0.02 2.12 bdl bdl 7.51 bdl 12.13 
MS1020 5/24/17 0.06 2.58 bdl bdl 0.54 bdl 6.86 
MS1021 5/24/17 0.23 1.98 bdl bdl 0.77 bdl 15.83 
MS1048 6/30/17 0.14 13.38 bdl bdl bdl bdl 0.01 
MS1049 6/30/17 0.04 1.59 bdl bdl 2.32 bdl 15.23 
MS1050 6/30/17 0.04 2.91 bdl bdl 2.27 bdl 9.36 
MS1051 6/30/17 0.01 1.79 bdl bdl 2.36 bdl 10.73 
MS1052 6/30/17 0.03 15.39 bdl bdl 2.07 bdl 25.95 
MS1053 6/30/17 0.03 0.59 bdl bdl 0.56 bdl 7.86 
MS1054 6/30/17 0.02 2.21 bdl bdl bdl bdl 161.44 
MS1055 6/30/17 0.02 2.26 bdl bdl bdl 0.39 164.42 
MS1056 6/30/17 0.00 196.89 bdl bdl 20.45 bdl 7.58 
MS1057 6/30/17 0.00 1.48 bdl bdl 3.24 bdl 8.74 
MS1058 6/30/17 0.00 1.58 bdl bdl 3.52 bdl 9.41 
MS1059 6/30/17 0.12 0.84 bdl bdl bdl bdl 10.55 
MS1060 6/30/17 0.09 0.67 bdl bdl bdl bdl 11.32 
MS1061 6/30/17 0.06 0.87 bdl bdl 0.39 bdl 8.43 
MS1084 7/25/2017 0.21 2.78 bdl bdl 0.06 bdl 8.12 
MS1085 7/25/2017 bdl 0.63 bdl bdl 1.97 bdl 7.66 
MS1086 7/25/2017 0.06 1.18 bdl bdl bdl bdl 23.24 
MS1087 7/25/2017 0.03 2.64 bdl bdl 0.75 bdl 34.66 
MS1088 7/25/2017 0.01 107.63 bdl bdl bdl bdl 14.29 
MS1089 7/25/2017 bdl 6.10 bdl bdl bdl bdl 3.57 
MS1090 7/25/2017 0.01 21.65 bdl bdl 0.25 bdl 24.14 
MS1091 7/25/2017 0.06 3.62 bdl bdl 0.09 bdl 306.74 
MS1092 7/25/2017 0.03 124.44 bdl bdl bdl bdl 5.23 
MS1107 9/12/2017 0.04 3.12 bdl bdl 0.05 bdl 17.69 
MS1108 9/12/2017 0.05 27.94 bdl 0.14 0.48 bdl 7.6 
MS1109 9/12/2017 0.08 2.66 bdl bdl 5.74 bdl 20.61 
MS1110 9/12/2017 0.07 2.59 bdl bdl 8.32 bdl 11.5 
MS1111 9/12/2017 0.04 1.72 bdl bdl 0.43 bdl 7.92 
MS1112 9/12/2017 0.01 0.53 bdl bdl 1.25 bdl 7.89 
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MS1113 9/12/2017 0.02 10.44 bdl bdl bdl bdl 7.37 
MS1114 9/12/2017 0.02 1.13 bdl bdl 5.31 0.06 9.02 
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Appendix L- ICP-MS Analysis Results 
Sample- Warren 
Analysis 
Date 
Li 
(mg/L) 
B 
(mg/L) 
Na 
(mg/L) 
Mg 
(mg/L) 
Al 
(mg/L) 
Si 
(mg/L) 
P 
(mg/L) 
MS874 11/17/16 0.00189 0.01648 2.55281 2.8528 0.1409 3.8894 bdl 
MS875 11/17/16 0.00681 0.02699 6.35746 8.667 0.0277 6.5513 bdl 
MS876 11/17/16 0.00325 0.00936 2.81861 4.5706 0.0151 4.2754 bdl 
MS877 11/17/16 <0.001 0.01076 5.70539 2.3905 0.1316 3.0711 0.0221 
MS878 11/17/16 0.00093 0.01166 148.893 12.552 0.0921 0.4935 0.1075 
MS879 11/17/16 0.00383 0.01125 3.47431 8.0625 0.022 3.9282 bdl 
MS880 11/17/16 0.00885 0.01054 83.3745 5.4624 5.2275 5.1434 0.9777 
MS881 11/17/16 0.00114 0.00788 4.262 2.7 0.0448 3.6037 bdl 
MS882 11/17/16 <0.001 0.01017 11.4475 4.7317 0.0532 2.7396 0.015 
MS883 11/17/16 0.00154 0.01721 74.9884 0.0366 0.027 5.9495 <0.01 
MS884 11/17/16 0.03008 0.05043 7.18428 21.412 0.0227 7.4453 bdl 
MS885 11/17/16 0.01143 0.05341 8.2396 12.339 0.0317 6.1949 0.0303 
MS1022 6/7/17 0.00352 0.01437 23.956 5.5015 0.034 2.8424 bdl 
MS1023 6/7/17 0.00093 0.01004 2.43811 4.4333 0.2899 3.0385 0.0504 
MS1024 6/7/17 0.00181 0.00944 5.01426 8.5638 0.0184 3.6536 bdl 
MS1025 6/7/17 0.00127 0.02489 13.7043 5.426 0.0416 2.2932 bdl 
MS1026 6/7/17 <0.001 0.00821 4.46555 4.0633 0.0317 1.7465 0.0122 
MS1027 6/7/17 0.00141 0.00986 2.96068 5.5182 0.0761 2.91 0.0107 
MS1028 6/7/17 0.00125 0.01319 6.51312 19.821 0.048 2.5631 0.0367 
MS1029 6/7/17 <0.001 0.0113 9.43131 4.5892 0.0224 1.4177 0.018 
MS1030 6/7/17 <0.001 0.01013 3.1219 3.8234 0.034 1.7806 0.0202 
MS1031 6/7/17 <0.001 0.01279 7.17008 5.2269 0.0178 1.0462 0.0168 
MS1032 6/7/17 <0.001 0.00639 4.47276 4.9359 0.2813 2.2679 0.0256 
MS1033 6/7/17 0.00081 0.00678 3.04303 3.207 0.0903 2.199 0.0143 
MS1034 6/7/17 0.00111 0.00805 4.81615 2.8873 0.0581 2.7747 0.0085 
MS1035 6/7/17 <0.001 0.00955 6.95179 4.0749 0.0716 2.2112 0.0229 
MS1036 6/7/17 <0.001 0.01235 6.82637 5.6967 0.0199 0.9332 0.0106 
MS1124 11/3/2017 0.003 0.021 8.76 5.75 0.237 5.56 0.033 
MS1125 11/3/2017 0.001 0.018 57.68 5.29 0.764 0.62 0.323 
MS1126 11/3/2017 0.001 0.009 3.04 5.82 0.06 5.48 bdl 
MS1127 11/3/2017 0.001 0.009 5.2 9.38 0.393 5.98 0.091 
MS1128 11/3/2017 0.001 0.035 15.86 6.7 0.034 4.85 0.004 
MS1129 11/3/2017 <0.001 0.01 8.65 5.83 0.045 3.67 bdl 
MS1130 11/3/2017 0.003 0.016 4.11 8.24 0.05 5.17 bdl 
MS1131 11/3/2017 0.002 0.016 4.05 7.53 0.044 4.88 0.028 
MS1132 11/3/2017 <0.001 0.014 12.95 6.34 0.028 3.72 bdl 
MS1133 11/3/2017 0.005 0.03 14.37 12.1 0.263 5.42 0.026 
MS1134 11/3/2017 <0.001 0.005 13.59 11.5 0.216 3.32 0.016 
MS1135 11/3/2017 0.001 0.016 5.64 5.39 0.123 4.09 0.01 
MS1136 11/3/2017 <0.001 0.016 9.47 6.59 0.033 3.42 0.001 
MS1137 11/3/2017 bdl 0.009 4.45 6.16 0.148 4.29 0.028 
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MS1138 11/3/2017 0.001 0.017 3.56 3.5 0.523 4.23 bdl 
MS1139 11/3/2017 <0.001 0.015 2.53 3.66 0.106 5 0.006 
MS1140 11/3/2017 <0.001 0.013 7.47 6.87 0.012 4.41 0.004 
MS1141 11/3/2017 0.003 0.015 19.82 10.14 0.071 6 0.027 
Sample- Indiana 
        
MS1012 5/31/17 0.00072 bdl 1.03786 7.8533 0.0421 2.6144 0.1023 
MS1013 5/31/17 0.0011 bdl 1.11576 2.7853 0.0645 2.6167 0.1118 
MS1014 5/31/17 <0.001 bdl 1.01779 1.2134 0.062 1.3533 0.1057 
MS1015 5/31/17 0.00064 bdl 5.39501 6.6171 0.0222 3.0259 0.1121 
MS1016 5/31/17 0.00284 bdl 1.22996 9.3745 0.0146 3.5437 0.1085 
MS1017 5/31/17 0.00404 bdl 1.66503 6.6315 0.0158 4.5308 0.0865 
MS1018 5/31/17 0.0018 bdl 0.6829 2.1333 0.0137 2.8677 0.1087 
MS1019 5/31/17 0.00343 bdl 1.8554 3.6451 0.0595 3.7219 0.0971 
MS1020 5/31/17 0.00441 bdl 2.59249 5.0228 0.0358 8.044 0.1243 
MS1021 5/31/17 0.00689 bdl 2.8079 5.6453 0.0162 7.2508 0.1154 
MS1048 7/19/17 bdl bdl 30.6153 4.1123 bdl 2.5331 bdl 
MS1049 7/19/17 bdl bdl 1.24224 3.1249 0.0093 2.7854 bdl 
MS1050 7/19/17 bdl bdl 1.32937 3.2093 0.0016 2.2765 bdl 
MS1051 7/19/17 bdl bdl 2.09028 1.683 0.0164 1.5672 bdl 
MS1052 7/19/17 bdl bdl 9.83665 4.7403 0.0267 1.6695 bdl 
MS1053 7/19/17 bdl bdl 0.6143 2.305 0.0516 2.0043 bdl 
MS1054 7/19/17 bdl bdl 5.12383 27.33 bdl 3.1014 bdl 
MS1055 7/19/17 bdl bdl 208.286 0.1129 bdl 2.8908 0.0242 
MS1056 7/19/17 bdl bdl 67.6908 10.103 0.0036 4.1866 bdl 
MS1057 7/19/17 bdl bdl 1.25771 1.5409 0.0203 1.6971 bdl 
MS1058 7/19/17 bdl bdl 1.34969 1.5393 0.0062 1.6306 bdl 
MS1059 7/19/17 bdl bdl 1.66141 6.3265 0.0725 2.3878 bdl 
MS1060 7/19/17 bdl bdl 4.06853 8.1706 0.0158 2.0703 bdl 
MS1061 7/19/17 bdl bdl 2.44696 4.8293 0.0055 2.1725 bdl 
MS1084 9/14/17 0.005 bdl 1.6 4.41 0.008 5.25 bdl 
MS1085 9/14/17 <0.001 bdl 1.04 1.68 0.021 4.05 bdl 
MS1086 9/14/17 0.006 bdl 1.3 6.74 0.01 4.57 bdl 
MS1087 9/14/17 0.005 0.001 0.93 22.64 0.46 4.34 0.4 
MS1088 9/14/17 0.015 bdl 38.51 7.35 0.009 11.56 0.01 
MS1089 9/14/17 <0.001 0.006 5.05 2.61 0.009 3.31 bdl 
MS1090 9/14/17 0.002 0.008 3.4 14.74 0.008 3.55 bdl 
MS1091 9/14/17 0.005 0.025 2.6 28.58 0.005 3.09 bdl 
MS1092 9/14/17 0.004 0.007 8.38 22.15 0.002 3.76 bdl 
MS1107 10/16/2017 0.004 bdl 1.52 9.69 0.021 3.96 bdl 
MS1108 10/16/2017 0.004 0 3.44 10.05 0.029 4.5 bdl 
MS1109 10/16/2017 0.008 0.005 2.12 17.68 0.026 4.62 0.03 
MS1110 10/16/2017 0.006 0.006 6.49 14.68 0.029 3.01 bdl 
MS1111 10/16/2017 0.004 bdl 2.44 7.33 0.02 6.71 bdl 
MS1112 10/16/2017 0.001 bdl 1.35 1.02 0.044 3.36 bdl 
MS1113 10/16/2017 0.003 bdl 9.98 2.39 0.03 3.35 0.04 
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MS1114 10/16/2017 0.001 bdl 1.38 6.15 0.025 1.32 0.03 
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Sample- 
Warren 
Analysis 
Date 
K (mg/L) Ca (mg/L) Ti (mg/L) V (mg/L) C (mg/L) Mn (mg/L) 
MS874 11/17/16 0.9592952 9.31848824 0.00220897 <0.001 bdl 0.009419499 
MS875 11/17/16 1.4297936 29.5294493 0.00187933 0.0005966 bdl 0.259169119 
MS876 11/17/16 1.2455248 23.1412847 0.00114443 0.0006932 0.0006791 <0.01 
MS877 11/17/16 2.0755195 21.120925 0.00177481 0.0009928 0.0006568 0.027602479 
MS878 11/17/16 3.7687472 80.283601 0.00112971 0.0032258 0.0014583 2.177770491 
MS879 11/17/16 1.1985664 28.9798043 0.00111288 0.0007741 0.001169 <0.01 
MS880 11/17/16 2.0213225 43.0695629 0.00815922 0.0072245 0.0029277 2.971222607 
MS881 11/17/16 1.0814018 10.8746007 0.00127022 0.0006797 0.000283 0.039631205 
MS882 11/17/16 1.6397151 23.760592 0.00127613 0.0007714 0.0007615 0.013270489 
MS883 11/17/16 0.5095483 0.35983773 0.00167119 0.0006726 0.0008835 0.001346575 
MS884 11/17/16 3.9308843 58.993736 0.00223461 0.0005446 0.0016018 0.69506566 
MS885 11/17/16 2.0416803 46.157967 0.00209837 0.0006728 0.0011013 0.566548555 
MS1022 6/7/17 1.0027116 23.4878552 0.00390786 bdl bdl 0.147664116 
MS1023 6/7/17 0.8331223 26.5753926 0.00604042 bdl bdl 0.385221287 
MS1024 6/7/17 0.6521803 55.487341 0.0052968 bdl bdl 0.053518764 
MS1025 6/7/17 1.5395844 28.5126981 0.0061158 bdl bdl 0.047575184 
MS1026 6/7/17 1.0118523 23.4225058 0.00487799 bdl bdl 0.185343307 
MS1027 6/7/17 1.7462218 26.9631224 0.00532172 bdl bdl 0.210883624 
MS1028 6/7/17 1.7671811 119.130106 0.00496494 bdl bdl 4.549249225 
MS1029 6/7/17 1.3212168 29.7451506 0.00488881 bdl bdl 0.031146595 
MS1030 6/7/17 1.4860394 21.4503919 0.00722976 bdl bdl 0.08739086 
MS1031 6/7/17 1.8287894 33.9705288 0.00712002 bdl bdl 0.015478301 
MS1032 6/7/17 1.1049877 28.9653022 0.00764351 bdl bdl 0.083463132 
MS1033 6/7/17 1.0086428 31.4422917 0.00733991 bdl bdl 0.063937045 
MS1034 6/7/17 0.8138467 17.8387082 0.00768109 bdl bdl 0.048719246 
MS1035 6/7/17 1.4424816 29.6173387 0.00852559 bdl bdl 0.031768939 
MS1036 6/7/17 2.5346742 37.581361 0.00689496 bdl bdl 0.012496862 
MS1124 11/3/2017 2.48 19.45 0.002 bdl 0.001 0.44 
MS1125 11/3/2017 2.98 45.97 0.002 bdl 0.003 0.26 
MS1126 11/3/2017 1.57 25.08 0.001 bdl 0.002 0.06 
MS1127 11/3/2017 1.46 62.62 0.002 bdl 0.002 0.41 
MS1128 11/3/2017 2.28 27.47 <0.001 bdl 0.001 0.06 
MS1129 11/3/2017 1.8 24.69 <0.001 bdl 0.002 0.44 
MS1130 11/3/2017 1.88 25.04 0.001 bdl 0.001 0.45 
MS1131 11/3/2017 1.96 22.53 0.001 bdl bdl 0.51 
MS1132 11/3/2017 2.1 30.75 <0.001 bdl <0.001 0.04 
MS1133 11/3/2017 1.98 58.17 0.002 bdl <0.001 2.53 
MS1134 11/3/2017 1.59 56.26 0.001 bdl 0.002 0.13 
MS1135 11/3/2017 2.76 20.3 0.001 bdl 0.001 0.23 
MS1136 11/3/2017 2.64 29.95 <0.001 bdl 0.002 0.02 
MS1137 11/3/2017 2.06 25.14 0.001 bdl <0.001 0.22 
MS1138 11/3/2017 1.83 12.24 0.001 bdl 0.001 0.04 
MS1139 11/3/2017 1.63 22.76 0.001 bdl <0.001 0.01 
 188 
MS1140 11/3/2017 2.91 30.45 <0.001 bdl 0.001 0.01 
MS1141 11/3/2017 1.35 52.76 0.001 bdl 0.001 2.18 
Sample- 
Indiana        
MS1012 5/31/17 0.9168572 26.6804951 0.00127479 bdl <0.001 0.048885552 
MS1013 5/31/17 0.6893758 10.0317189 0.00248761 bdl 0.0009061 0.043025018 
MS1014 5/31/17 0.6934985 8.15856719 <0.001 bdl 0.0010188 0.057357323 
MS1015 5/31/17 0.9882568 38.6329627 0.00071226 bdl <0.001 <0.01 
MS1016 5/31/17 1.1522584 53.2881161 <0.001 bdl 0.0008723 0.096035164 
MS1017 5/31/17 1.0861588 28.4630875 0.00104832 bdl bdl 0.106365832 
MS1018 5/31/17 0.6984195 5.42403623 <0.001 bdl <0.001 <0.01 
MS1019 5/31/17 0.7311393 8.0424307 0.00112133 bdl <0.001 0.006509576 
MS1020 5/31/17 0.8673375 10.6212869 0.00215568 bdl bdl 0.426979786 
MS1021 5/31/17 0.822467 28.4547785 0.00193151 bdl bdl <0.01 
MS1048 7/19/17 0.8748081 27.8568491 0.07167809 bdl bdl 0.152166902 
MS1049 7/19/17 0.6308768 15.1365698 0.08183303 bdl bdl 0.036880776 
MS1050 7/19/17 0.3086651 21.9330678 0.06086097 bdl bdl 0.03451695 
MS1051 7/19/17 0.1085765 8.32555454 0.03714353 bdl bdl 0.045634643 
MS1052 7/19/17 0.6338191 17.1493312 0.01848093 bdl bdl 0.063260856 
MS1053 7/19/17 0.136041 6.04211822 0.02045661 bdl bdl 0.026794428 
MS1054 7/19/17 0.9999666 118.53031 bdl bdl bdl 0.484951933 
MS1055 7/19/17 bdl 1.19222532 bdl bdl bdl 0.011448187 
MS1056 7/19/17 0.9708378 30.4138561 bdl bdl bdl 0.067579609 
MS1057 7/19/17 0.3973664 5.19206653 bdl bdl bdl 0.017676407 
MS1058 7/19/17 0.3472069 4.89679332 bdl bdl bdl 0.01150934 
MS1059 7/19/17 0.5193955 22.639794 bdl bdl bdl 0.569012807 
MS1060 7/19/17 0.95342 35.2430314 bdl bdl bdl 0.237999613 
MS1061 7/19/17 0.3340986 18.6170895 bdl bdl bdl 0.027617872 
MS1084 9/14/17 0.54 6.53 0.001 <0.001 0.002 0.57 
MS1085 9/14/17 0.65 0.96 0.001 <0.001 0.002 0.04 
MS1086 9/14/17 0.72 14.96 0.001 <0.001 0.001 2.89 
MS1087 9/14/17 1.52 156.17 0.004 0.006 0.004 1.44 
MS1088 9/14/17 1.28 5.61 0.003 0.002 0.001 2.02 
MS1089 9/14/17 1.63 3.68 0.001 <0.001 0.002 0.27 
MS1090 9/14/17 1.37 80.1 0.001 <0.001 0.002 0.04 
MS1091 9/14/17 2.44 96.7 0.001 <0.001 0.003 0.05 
MS1092 9/14/17 1.96 47.22 0.001 0.001 0.002 1.9 
MS1107 10/16/17 0.72 39.69 0.001 0.001 bdl 0.03 
MS1108 10/16/17 0.81 35.26 0.001 0.001 bdl <0.01 
MS1109 10/16/17 1.24 66.59 0.001 0.001 bdl 0.01 
MS1110 10/16/17 1.17 49.3 0.002 0.001 bdl <0.01 
MS1111 10/16/17 0.79 34.16 0.002 0.001 bdl 0.02 
MS1112 10/16/17 0.96 15.21 0.001 0.001 bdl 0.03 
MS1113 10/16/17 0.99 7.49 0.002 0.002 bdl 0.1 
MS1114 10/16/17 0.78 17.41 0.001 0.001 bdl <0.01 
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Sample- 
Warren 
Analysis 
Date 
Co (mg/L) Ni (mg/L) Cu (mg/L) Zn (mg/L) As (mg/L) Se (mg/L) 
MS874 11/17/16 <0.0001 0.00248445 0.02746674 0.01049899 0.00050342 0.00074003 
MS875 11/17/16 5.0961E-05 0.00083484 0.0009282 0.01143632 0.00165608 <0.001 
MS876 11/17/16 <0.0001 0.00146491 0.00144873 0.0149928 0.00055705 0.00067351 
MS877 11/17/16 0.0001402 0.00111751 0.00354962 0.01524892 0.00161531 <0.001 
MS878 11/17/16 0.00153383 0.00471884 0.00498316 0.00986936 0.00547402 0.01127665 
MS879 11/17/16 <0.0001 0.00096589 0.01117982 0.00850829 <0.001 <0.001 
MS880 11/17/16 0.0233323 0.01896762 0.01911952 0.05217362 0.01344848 0.00570446 
MS881 11/17/16 0.00013944 0.00070852 0.00128536 0.00537369 0.00090026 <0.001 
MS882 11/17/16 0.00019799 0.00128631 0.00199312 0.01092804 0.0022681 0.00060201 
MS883 11/17/16 <0.0001 0.00094404 0.05814339 0.05158971 0.00091004 <0.001 
MS884 11/17/16 0.00040548 0.00241846 0.00112035 0.01827303 0.00490091 bdl 
MS885 11/17/16 0.00011671 0.00223704 0.00138069 0.08571615 0.00313186 bdl 
MS1022 6/7/17 0.00072336 0.00054252 0.00427727 0.00495809 bdl 0.02520772 
MS1023 6/7/17 0.00107683 0.00151264 0.00419152 0.02943001 bdl 0.02155695 
MS1024 6/7/17 0.00062709 0.00267033 0.00511728 0.00214299 bdl 0.02476531 
MS1025 6/7/17 0.00061148 <0.001 0.00327466 0.00325845 bdl 0.02499799 
MS1026 6/7/17 0.00055868 <0.001 0.01152795 0.00763574 bdl 0.02433904 
MS1027 6/7/17 0.00063002 <0.001 0.00329797 0.05645847 bdl 0.02265834 
MS1028 6/7/17 0.00226297 0.00448842 0.01362646 0.0241606 bdl 0.02333936 
MS1029 6/7/17 0.000621 0.00061653 0.00610847 0.00363766 bdl 0.02519553 
MS1030 6/7/17 0.00055939 bdl 0.00117932 0.00227056 bdl 0.02620815 
MS1031 6/7/17 0.00065264 0.00217003 0.0042808 0.00249594 bdl 0.02368231 
MS1032 6/7/17 0.00062552 0.00295747 0.0043255 0.00255732 bdl 0.02287162 
MS1033 6/7/17 0.00079977 0.00077599 0.01096989 0.03774694 bdl 0.02431794 
MS1034 6/7/17 0.00061477 0.00610005 0.00409104 0.00891226 bdl 0.02416694 
MS1035 6/7/17 0.00065548 0.00125864 0.02354639 0.0150612 bdl 0.02683945 
MS1036 6/7/17 0.00073509 0.00282617 0.01066116 0.00982703 bdl 0.02413639 
MS1124 11/3/2017 0.0008 0.002 0.005 0.015 0.002 0.0026 
MS1125 11/3/2017 0.002 0.003 0.012 0.021 0.003 0.0052 
MS1126 11/3/2017 0.0001 0.001 0.007 0.009 bdl 0.0009 
MS1127 11/3/2017 0.0011 0.003 0.005 0.015 0.002 bdl 
MS1128 11/3/2017 <0.0001 0.001 0.002 0.007 bdl 0.002 
MS1129 11/3/2017 0.0002 0.001 0.002 0.01 bdl bdl 
MS1130 11/3/2017 0.0001 0.001 0.024 0.031 0.001 0.0004 
MS1131 11/3/2017 0.0002 0.001 0.016 0.011 0.004 0.0003 
MS1132 11/3/2017 <0.0001 0.001 0.001 0.005 bdl 0.0007 
MS1133 11/3/2017 0.001 0.003 0.006 0.009 0.002 0.0011 
MS1134 11/3/2017 0.0004 0.003 0.003 0.005 bdl 0.0018 
MS1135 11/3/2017 0.0005 0.001 0.009 0.017 <0.001 <0.0001 
MS1136 11/3/2017 bdl 0.001 0.001 0.003 bdl 0.001 
MS1137 11/3/2017 0.0002 0.002 0.004 0.012 bdl bdl 
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MS1138 11/3/2017 <0.0001 0.001 0.006 0.008 bdl 0.0003 
MS1139 11/3/2017 bdl 0.001 0.004 0.007 bdl 0.0006 
MS1140 11/3/2017 bdl 0.001 0.004 0.005 bdl 0.0003 
MS1141 11/3/2017 0.0009 0.003 0.003 0.005 0.003 0.0018 
Sample- 
Indiana        
MS1012 5/31/17 bdl <0.001 0.05737066 0.01912693 bdl 0.01179612 
MS1013 5/31/17 8.4434E-05 0.00233924 0.38767228 0.16421452 bdl 0.00707972 
MS1014 5/31/17 bdl 0.00080886 0.00360384 0.00963863 bdl bdl 
MS1015 5/31/17 bdl 0.00111351 0.05189972 0.02791399 bdl <0.001 
MS1016 5/31/17 <0.0001 0.00369193 0.02522291 0.0381053 bdl bdl 
MS1017 5/31/17 7.9376E-05 0.0006697 0.01529009 0.03535641 bdl 0.00518533 
MS1018 5/31/17 bdl 0.00750864 0.0100264 0.01966936 bdl 0.00790731 
MS1019 5/31/17 bdl 0.00087896 0.05139512 0.02653173 bdl 0.0135692 
MS1020 5/31/17 0.00054343 0.00105503 0.01240501 0.02542825 bdl 0.00401035 
MS1021 5/31/17 bdl 0.00051873 0.01744658 0.02021894 bdl 0.01053091 
MS1048 7/19/17 0.00169344 0.00369303 0.01608564 bdl bdl 0.00433261 
MS1049 7/19/17 0.00122495 0.00577711 0.02869747 bdl bdl 0.00354576 
MS1050 7/19/17 0.00123101 0.00554664 0.04576234 bdl bdl 0.00120769 
MS1051 7/19/17 0.00369709 0.00596511 0.19755037 bdl bdl <0.001 
MS1052 7/19/17 0.00089691 0.00400185 0.01508132 bdl bdl 0.00342987 
MS1053 7/19/17 0.00125142 0.00566064 0.01715651 bdl bdl 0.0028177 
MS1054 7/19/17 0.0026024 0.00752177 0.02111479 bdl bdl 0.00188677 
MS1055 7/19/17 0.00058855 0.0053519 0.01519028 bdl bdl 0.00208892 
MS1056 7/19/17 0.00069722 0.01591952 0.0839944 bdl bdl 0.00211452 
MS1057 7/19/17 0.00061142 0.00918186 0.04818181 bdl bdl 0.00109142 
MS1058 7/19/17 0.00053592 0.01184397 0.00820763 bdl bdl 0.00121178 
MS1059 7/19/17 0.00084861 0.00547734 0.0074651 2.71820753 bdl 0.00313356 
MS1060 7/19/17 0.00043691 0.00461175 0.01624571 bdl bdl 0.00170885 
MS1061 7/19/17 0.00038606 0.00710981 0.11089529 0.05337908 bdl 0.00094054 
MS1084 9/14/17 0.0003 0 0.012 0.001 <0.0001 <0.0001 
MS1085 9/14/17 <0.0001 0.006 0.049 0.005 <0.0001 <0.0001 
MS1086 9/14/17 0.0014 0 0.003 0.017 <0.0001 <0.0001 
MS1087 9/14/17 0.0447 0.021 0.081 0.077 0.002 0.003 
MS1088 9/14/17 0.0359 0.031 0.014 0.318 0.002 <0.0001 
MS1089 9/14/17 0.0002 bdl bdl <0.0001 0.001 <0.0001 
MS1090 9/14/17 0.0003 0.003 0.012 0.013 <0.0001 0.003 
MS1091 9/14/17 0.0003 0.003 0.001 0.003 <0.0001 <0.0001 
MS1092 9/14/17 0.0021 0.002 <0.001 bdl 0.001 <0.0001 
MS1107 10/16/17 0.0004 0.001 0.011 0.007 bdl 0.0007 
MS1108 10/16/17 0.0003 0.001 0.014 0.008 bdl 0.0006 
MS1109 10/16/17 0.0004 0.002 0.005 0.005 0.003 bdl 
MS1110 10/16/17 0.0003 0.001 0.018 0.022 0.003 0.0007 
MS1111 10/16/17 0.0003 0.001 0.008 0.039 bdl bdl 
MS1112 10/16/17 0.0002 0.001 0.006 0.001 0.002 0.0026 
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MS1113 10/16/17 0.0004 0.001 0.003 0.002 0.004 bdl 
MS1114 10/16/17 0.0001 0.001 0.028 0.007 0.001 bdl 
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Sample- 
Warren 
Analysis 
Date 
Sr (mg/L) Mo (mg/L) Ag (mg/L) Cd (mg/L) Sn (mg/L) 
MS874 11/17/16 0.02843603 0.00057168 bdl <0.0001 0.0003619 
MS875 11/17/16 0.11974141 0.000890348 0.00054371 <0.0001 0.00022913 
MS876 11/17/16 0.03439347 0.000401965 5.6433E-05 <0.0001 0.00020139 
MS877 11/17/16 0.05883178 0.000368473 0.0001401 6.1392E-05 0.00013949 
MS878 11/17/16 0.44382024 0.00039902 0.00061925 0.00020227 0.00022482 
MS879 11/17/16 0.04640237 0.00022278 0.0415265 <0.0001 0.00014107 
MS880 11/17/16 0.12952262 0.000447405 0.00283147 0.0003033 0.00049591 
MS881 11/17/16 0.0266766 0.000170439 0.00280094 <0.0001 7.8818E-05 
MS882 11/17/16 0.06940782 0.000221412 0.00025757 <0.0001 9.6672E-05 
MS883 11/17/16 0.00284675 0.000232451 0.00126363 <0.0001 0.00043695 
MS884 11/17/16 0.24854971 0.000125849 bdl bdl 9.1782E-05 
MS885 11/17/16 0.20710351 0.000557438 <0.0001 0.00010017 0.00028869 
MS1022 6/7/17 0.1288372 0.000342243 0.00355676 bdl 0.00013301 
MS1023 6/7/17 0.05494889 0.0002303 0.00058413 0.00013755 6.1837E-05 
MS1024 6/7/17 0.08220082 0.000260199 0.00493776 <0.0001 0.00013301 
MS1025 6/7/17 0.09216236 0.000269326 0.0041508 bdl <0.0001 
MS1026 6/7/17 0.05182484 0.000141044 0.00368446 bdl bdl 
MS1027 6/7/17 0.05773471 0.000188904 0.00462182 <0.0001 <0.0001 
MS1028 6/7/17 0.22832425 0.00041143 0.00304263 bdl bdl 
MS1029 6/7/17 0.07211346 7.37383E-05 0.00561593 6.0546E-05 bdl 
MS1030 6/7/17 0.04686895 0.000141923 0.00315024 bdl <0.0001 
MS1031 6/7/17 0.06626552 0.000169904 0.00714147 <0.0001 <0.0001 
MS1032 6/7/17 0.04742916 bdl 0.00666344 bdl <0.0001 
MS1033 6/7/17 0.04779593 bdl 0.0040621 0.00010282 bdl 
MS1034 6/7/17 0.02828434 bdl 0.00674301 bdl bdl 
MS1035 6/7/17 0.05156771 5.75881E-05 0.00611034 bdl <0.0001 
MS1036 6/7/17 0.06559087 0.000171164 0.00708761 bdl <0.0001 
MS1124 11/3/2017 0.09 0.001 0.0003 0.0002 0.0186 
MS1125 11/3/2017 0.2 0.001 0.0007 0.0001 0.0024 
MS1126 11/3/2017 0.05 0.0007 <0.0001 bdl 0.0024 
MS1127 11/3/2017 0.08 0.0006 0.0008 <0.0001 bdl 
MS1128 11/3/2017 0.08 0.0008 bdl bdl bdl 
MS1129 11/3/2017 0.05 0.0004 bdl bdl bdl 
MS1130 11/3/2017 0.05 0.0004 0.0005 bdl bdl 
MS1131 11/3/2017 0.05 0.0004 0.0001 bdl 0.0011 
MS1132 11/3/2017 0.07 0.0004 0.0001 bdl bdl 
MS1133 11/3/2017 0.15 0.0006 0.0005 bdl bdl 
MS1134 11/3/2017 0.11 0.0003 bdl bdl bdl 
MS1135 11/3/2017 0.05 0.0003 bdl bdl bdl 
MS1136 11/3/2017 0.06 0.0003 0.0001 bdl bdl 
MS1137 11/3/2017 0.04 0.0002 0.0008 bdl 0.0259 
MS1138 11/3/2017 0.02 0.0001 0.0003 bdl 0.0378 
MS1139 11/3/2017 0.04 0.0002 0.0005 bdl 0.0179 
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MS1140 11/3/2017 0.05 0.0004 bdl bdl 0.0007 
MS1141 11/3/2017 0.18 0.0004 bdl bdl bdl 
Sample- 
Indiana       
MS1012 5/31/17 0.07137412 bdl bdl 0.00015927 bdl 
MS1013 5/31/17 0.0511138 bdl bdl 0.00012123 0.00332595 
MS1014 5/31/17 0.02097425 <0.0001 bdl 6.2284E-05 0.00033088 
MS1015 5/31/17 0.112468 bdl bdl bdl 0.00010597 
MS1016 5/31/17 0.20703844 bdl bdl 0.00015602 6.5353E-05 
MS1017 5/31/17 0.30447219 bdl bdl bdl <0.0001 
MS1018 5/31/17 0.02452837 bdl bdl bdl 8.311E-05 
MS1019 5/31/17 0.0230636 bdl bdl 6.9069E-05 bdl 
MS1020 5/31/17 0.04735999 bdl bdl <0.0001 0.00025742 
MS1021 5/31/17 0.2492078 bdl bdl bdl 8.1587E-05 
MS1048 7/19/17 0.22804827 0.001462055 bdl 0.00088996 0.0014176 
MS1049 7/19/17 0.05270861 0.001283915 bdl 0.00055585 0.00083378 
MS1050 7/19/17 0.10332777 0.000759697 bdl 0.00017644 0.00077288 
MS1051 7/19/17 0.01902374 0.000506724 bdl bdl 0.0004014 
MS1052 7/19/17 0.06204023 0.000378899 bdl bdl 0.00019127 
MS1053 7/19/17 0.01430045 0.000237971 bdl bdl 0.000186 
MS1054 7/19/17 0.48970934 0.000155172 bdl bdl bdl 
MS1055 7/19/17 <0.01 0.00017843 bdl bdl 0.00060065 
MS1056 7/19/17 0.12129155 7.96784E-05 bdl bdl 5.7957E-05 
MS1057 7/19/17 0.02537582 <0.0001 bdl bdl 0.0001685 
MS1058 7/19/17 0.02667936 <0.0001 bdl bdl <0.0001 
MS1059 7/19/17 0.14455503 0.000236117 bdl 0.00011857 0.00024246 
MS1060 7/19/17 0.33801225 <0.0001 bdl bdl 0.00038695 
MS1061 7/19/17 0.2166444 <0.0001 bdl bdl <0.0001 
MS1084 9/14/17 0.04 0.0002 bdl bdl bdl 
MS1085 9/14/17 0.01 <0.0001 bdl bdl 0.0025 
MS1086 9/14/17 0.07 <0.0001 bdl bdl <0.0001 
MS1087 9/14/17 0.42 0.0005 bdl 0.0004 0.0005 
MS1088 9/14/17 0.04 bdl bdl <0.0001 0.0001 
MS1089 9/14/17 0.03 <0.0001 bdl bdl <0.0001 
MS1090 9/14/17 0.52 <0.0001 bdl bdl 0.0002 
MS1091 9/14/17 2.52 0.0002 bdl bdl 0.0004 
MS1092 9/14/17 0.37 bdl bdl <0.0001 bdl 
MS1107 10/16/17 0.21 0.0018 bdl 0.0003 0.001 
MS1108 10/16/17 0.13 0.001 bdl 0.0002 0.0006 
MS1109 10/16/17 0.63 0.0011 bdl 0.0003 0.0007 
MS1110 10/16/17 0.55 0.0016 0.0019 0.0002 0.0004 
MS1111 10/16/17 0.14 0.0008 0.0066 0.0002 0.0004 
MS1112 10/16/17 0.05 0.0009 bdl 0.0002 0.0003 
MS1113 10/16/17 0.06 0.0014 0.0007 0.0002 0.0005 
MS1114 10/16/17 0.05 0.0005 bdl 0.0001 0.0002 
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Sample- 
Warren 
Analysis 
Date 
Cs (mg/L) Ba (mg/L) W (mg/L) Pb (mg/L) Bi (mg/L) U (mg/L) 
MS874 11/17/16 3.9976E-05 0.01903898 0.01503936 0.00121519 0.00026936 <0.0001 
MS875 11/17/16 8.1008E-05 0.13719524 0.01431823 8.0886E-05 0.00018235 <0.0001 
MS876 11/17/16 0.00217866 0.02461731 0.01243503 8.7733E-05 0.00013658 <0.0001 
MS877 11/17/16 0.00082249 0.03840168 0.01219101 0.00113173 0.00011084 <0.0001 
MS878 11/17/16 0.00088448 0.36758807 0.0117767 0.00079814 8.7427E-05 <0.0001 
MS879 11/17/16 0.0025022 0.05619491 0.00920601 0.00015046 6.6028E-05 <0.0001 
MS880 11/17/16 0.00030978 0.90605074 0.00909595 0.04841655 6.0447E-05 <0.0001 
MS881 11/17/16 0.0001039 0.01913405 0.0080262 0.00026202 5.0051E-05 <0.0001 
MS882 11/17/16 0.00059254 0.03990313 0.00812423 0.00021978 4.25E-05 <0.0001 
MS883 11/17/16 8.0938E-05 0.00031253 0.00678101 0.00022754 2.6092E-05 bdl 
MS884 11/17/16 0.00017105 0.05765297 0.00624168 0.00044286 1.7694E-05 <0.0001 
MS885 11/17/16 7.2962E-05 0.17208014 0.00674048 0.00040732 2.2542E-05 0.0001545 
MS1022 6/7/17 2.4007E-05 0.06867246 0.01607921 0.00011245 bdl bdl 
MS1023 6/7/17 3.4581E-05 0.13582301 0.01415119 0.00219938 bdl 0.0001052 
MS1024 6/7/17 2.3215E-05 0.08627058 0.01158706 <0.0001 bdl 0.0001518 
MS1025 6/7/17 3.8702E-05 0.05106964 0.01145572 0.00018941 bdl <0.0001 
MS1026 6/7/17 3.2883E-05 0.03895265 0.00717442 0.00041875 bdl bdl 
MS1027 6/7/17 3.694E-05 0.05684337 0.00702338 0.00057188 bdl <0.0001 
MS1028 6/7/17 5.3827E-05 0.3007148 0.00366921 0.00175907 bdl 0.0006282 
MS1029 6/7/17 3.7626E-05 0.04096686 0.0029603 6.8183E-05 bdl <0.0001 
MS1030 6/7/17 4.7284E-05 0.04010687 0.00275849 5.7842E-05 bdl bdl 
MS1031 6/7/17 3.3766E-05 0.03953863 0.00138232 bdl bdl <0.0001 
MS1032 6/7/17 6.5629E-05 0.04751041 bdl 0.0002796 bdl <0.0001 
MS1033 6/7/17 6.7317E-05 0.04570112 bdl 0.00084086 bdl bdl 
MS1034 6/7/17 5.1833E-05 0.01969458 bdl 0.00049693 bdl bdl 
MS1035 6/7/17 3.3022E-05 0.04761805 bdl 0.00093408 bdl <0.0001 
MS1036 6/7/17 4.5489E-05 0.04810132 bdl 0.00213223 bdl <0.0001 
MS1124 11/3/2017 0.0001 0.1 0.0563 0.0026 0.0003 0.0001 
MS1125 11/3/2017 0.00004 0.2 0.0475 0.0088 0.0002 0.0002 
MS1126 11/3/2017 0.00002 0.03 0.0417 <0.0001 0.0001 bdl 
MS1127 11/3/2017 0.00001 0.13 0.0378 0.0041 0.0001 0.0001 
MS1128 11/3/2017 0.00001 0.04 0.0333 bdl 0.0001 bdl 
MS1129 11/3/2017 <0.00001 0.03 0.0262 0.0001 <0.0001 bdl 
MS1130 11/3/2017 <0.00001 0.04 0.0222 0.0001 <0.0001 bdl 
MS1131 11/3/2017 <0.00001 0.05 0.0217 0.0008 <0.0001 bdl 
MS1132 11/3/2017 <0.00001 0.04 0.0202 bdl <0.0001 bdl 
MS1133 11/3/2017 0.00001 0.09 0.0192 0.0021 <0.0001 0.0002 
MS1134 11/3/2017 0.00001 0.05 0.0175 0.0016 <0.0001 0.0002 
MS1135 11/3/2017 <0.00001 0.04 0.0165 0.0011 <0.0001 bdl 
MS1136 11/3/2017 <0.00001 0.03 0.016 bdl <0.0001 bdl 
MS1137 11/3/2017 0.00001 0.09 0.0131 0.0009 <0.0001 bdl 
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MS1138 11/3/2017 0.00001 0.21 0.0117 0.0005 <0.0001 bdl 
MS1139 11/3/2017 0.00001 0.14 0.0113 0.0003 <0.0001 bdl 
MS1140 11/3/2017 <0.00001 0.04 0.0113 bdl <0.0001 <0.0001 
MS1141 11/3/2017 <0.00001 0.09 0.0104 0.0004 <0.0001 0.0002 
Sample- 
Indiana        
MS1012 5/31/17 bdl 0.0452809 0.00388209 0.0008474 bdl 9.779E-05 
MS1013 5/31/17 bdl 0.02353471 0.00378628 0.01285466 bdl <0.0001 
MS1014 5/31/17 bdl 0.02774602 0.00343657 0.00044787 bdl <0.0001 
MS1015 5/31/17 bdl 0.10891532 0.00377296 0.00109321 bdl <0.0001 
MS1016 5/31/17 bdl 0.05736754 0.00351301 0.00126677 bdl <0.0001 
MS1017 5/31/17 bdl 0.13172999 0.00338734 0.00060629 bdl bdl 
MS1018 5/31/17 bdl 0.16413111 0.00330595 0.00020917 bdl bdl 
MS1019 5/31/17 bdl 0.00913242 0.00377956 0.00060778 bdl bdl 
MS1020 5/31/17 bdl 0.03129631 0.00327253 0.00043154 bdl bdl 
MS1021 5/31/17 bdl 0.04422575 0.00319786 0.00036183 bdl <0.0001 
MS1048 7/19/17 0.00122865 0.14246702 0.00712537 0.00180256 0.00090381 0.0009038 
MS1049 7/19/17 0.00072765 0.06951233 0.00628335 0.00117819 0.00045877 0.0004588 
MS1050 7/19/17 0.00054128 0.03689988 0.00523636 0.00070768 0.00011053 0.0001105 
MS1051 7/19/17 0.00030501 0.00641505 0.00520639 0.00057762 <0.0001 <0.0001 
MS1052 7/19/17 0.00021447 0.03697194 0.00482401 0.00045405 bdl bdl 
MS1053 7/19/17 0.0002081 0.00243925 0.00418518 0.00034596 bdl bdl 
MS1054 7/19/17 7.5835E-05 0.05867807 0.00355186 0.00016104 0.00121162 0.0012116 
MS1055 7/19/17 4.9747E-05 bdl 0.00333662 0.00011761 0.00083809 0.0008381 
MS1056 7/19/17 4.9972E-05 0.03512401 0.00331126 0.00010074 bdl bdl 
MS1057 7/19/17 7.7266E-05 0.01796866 0.00296387 9.3229E-05 bdl bdl 
MS1058 7/19/17 5.561E-05 0.02460058 0.00316177 6.789E-05 bdl bdl 
MS1059 7/19/17 5.3668E-05 0.18210047 0.00277243 7.7301E-05 bdl bdl 
MS1060 7/19/17 7.3664E-05 0.20500052 0.00280543 5.0778E-05 bdl bdl 
MS1061 7/19/17 4.4459E-05 0.05157287 0.00235615 <0.0001 bdl bdl 
MS1084 9/14/17 0.00001 0.03 bdl 0.0003 <0.0001 bdl 
MS1085 9/14/17 0.00001 0.01 bdl 0.0006 <0.0001 bdl 
MS1086 9/14/17 0.00001 0.04 bdl bdl <0.0001 bdl 
MS1087 9/14/17 0.00006 0.3 bdl 0.015 <0.0001 0.0013 
MS1088 9/14/17 0.00001 0.09 bdl 0.0002 <0.0001 bdl 
MS1089 9/14/17 bdl 0.03 bdl bdl <0.0001 bdl 
MS1090 9/14/17 0.00002 0.06 bdl 0.0005 <0.0001 bdl 
MS1091 9/14/17 0.00007 0.04 bdl 0.0005 <0.0001 bdl 
MS1092 9/14/17 0.00001 0.55 bdl 0.0002 bdl bdl 
MS1107 10/16/17 0.00022 0.09 0.0386 0.0011 0.0009 0.0003 
MS1108 10/16/17 0.00016 0.04 0.0297 0.0007 0.0005 0.0002 
MS1109 10/16/17 0.00023 0.09 0.0316 0.0002 0.0005 0.0005 
MS1110 10/16/17 0.00013 0.19 0.0274 0.0014 0.0003 0.0004 
MS1111 10/16/17 0.00011 0.13 0.0286 0.0001 0.0003 0.0001 
MS1112 10/16/17 0.00006 0.04 0.023 0.0003 0.0002 0.0001 
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MS1113 10/16/17 0.00019 0.03 0.0252 0.0003 0.0003 0.0001 
MS1114 10/16/17 0.00005 0.01 0.0217 0.0006 0.0002 
<0.0001 
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  Sample-   
Warren 
Analysis 
Date 
Rb (mg/L) Fe (mg/L) Sb (mg/L) 
MS874 11/17/16 0.00052056 <0.01 0.00215898 
MS875 11/17/16 0.00100968 0.09806619 0.00163985 
MS876 11/17/16 <0.001 0.01831892 0.00113533 
MS877 11/17/16 0.00084667 0.09193038 0.00186014 
MS878 11/17/16 0.00313807 0.37871164 0.00165527 
MS879 11/17/16 0.00091009 0.0560623 0.00104046 
MS880 11/17/16 0.00196562 5.35306159 0.00792225 
MS881 11/17/16 0.00072669 0.08042358 0.00144288 
MS882 11/17/16 0.00096855 0.05848996 0.00151546 
MS883 11/17/16 <0.001 <0.01 0.00090185 
MS884 11/17/16 0.00363937 1.57946383 0.00204772 
MS885 11/17/16 0.00066797 0.28372978 0.00081617 
MS1022 6/7/17 0.00142067 0.54944077 <0.0001 
MS1023 6/7/17 0.00187836 1.29524563 <0.0001 
MS1024 6/7/17 <0.001 0.23235324 <0.0001 
MS1025 6/7/17 0.00106758 0.21503538 5.2609E-05 
MS1026 6/7/17 0.00097102 0.16711449 <0.0001 
MS1027 6/7/17 0.00093814 0.33901416 0.0004795 
MS1028 6/7/17 <0.001 2.60565423 0.00012805 
MS1029 6/7/17 0.00106327 0.19945195 <0.0001 
MS1030 6/7/17 0.00127852 0.28880589 <0.0001 
MS1031 6/7/17 0.00112997 0.18625045 <0.0001 
MS1032 6/7/17 0.00109686 0.21988036 <0.0001 
MS1033 6/7/17 0.00100237 0.41319239 <0.0001 
MS1034 6/7/17 0.00067765 0.23122373 <0.0001 
MS1035 6/7/17 0.00127682 0.09261984 <0.0001 
MS1036 6/7/17 0.00137677 0.16823862 0.00105704 
MS1124 11/3/2017 0.002 2.07 0.0002 
MS1125 11/3/2017 0.001 0.76 0.0002 
MS1126 11/3/2017 0.001 0.52 0.0001 
MS1127 11/3/2017 0.001 1.04 0.0001 
MS1128 11/3/2017 0.001 0.29 0.0001 
MS1129 11/3/2017 0.001 0.24 0.0001 
MS1130 11/3/2017 0.001 0.85 <0.0001 
MS1131 11/3/2017 0.001 6.26 0.0001 
MS1132 11/3/2017 0.001 0.19 <0.0001 
MS1133 11/3/2017 0.001 2.37 0.0001 
MS1134 11/3/2017 0.001 0.4 0.0001 
MS1135 11/3/2017 0.002 0.86 0.0001 
MS1136 11/3/2017 0.001 0.17 <0.0001 
MS1137 11/3/2017 0.001 0.79 <0.0001 
MS1138 11/3/2017 0.001 0.32 <0.0001 
MS1139 11/3/2017 0.001 0.05 <0.0001 
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 MS1140 11/3/2017 0.001 0.14 0.0001 
MS1141 11/3/2017 0.001 2.37 0.0001 
Sample- 
Indiana  
 
 
 
MS1012 5/31/17 <0.001 0.625245 <0.0001 
MS1013 5/31/17 <0.001 0.99138422 7.7341E-05 
MS1014 5/31/17 <0.001 0.38157116 5.2552E-05 
MS1015 5/31/17 0.00055097 0.45758643 <0.0001 
MS1016 5/31/17 0.00091148 0.688799 9.3285E-05 
MS1017 5/31/17 0.00085379 0.47465753 <0.0001 
MS1018 5/31/17 <0.001 0.27155685 <0.0001 
MS1019 5/31/17 0.00097684 0.28230408 5.0768E-05 
MS1020 5/31/17 <0.001 2.47289503 <0.0001 
MS1021 5/31/17 0.00081719 0.38427153 <0.0001 
MS1048 7/19/17 0.00523592 0.21339741 0.00114984 
MS1049 7/19/17 0.00246821 bdl 0.00091623 
MS1050 7/19/17 0.00178669 0.39485606 0.00059614 
MS1051 7/19/17 0.00118733 bdl 0.00025555 
MS1052 7/19/17 0.00109655 0.50318155 0.00024917 
MS1053 7/19/17 0.00068878 bdl 0.00031386 
MS1054 7/19/17 0.00192624 0.9866054 0.000124 
MS1055 7/19/17 <0.001 bdl 0.00011599 
MS1056 7/19/17 0.00088098 0.270278 8.4136E-05 
MS1057 7/19/17 0.00108134 bdl <0.0001 
MS1058 7/19/17 0.00101221 bdl <0.0001 
MS1059 7/19/17 0.00130028 2.04607266 0.00031704 
MS1060 7/19/17 0.00281761 1.52709649 <0.0001 
MS1061 7/19/17 0.00105547 0.24257714 0.00058757 
MS1084 9/14/17 0.001 0.37 0.0001 
MS1085 9/14/17 <0.0001 0.27 <0.0001 
MS1086 9/14/17 0.001 0.3 <0.0001 
MS1087 9/14/17 0.005 7.12 0.0005 
MS1088 9/14/17 0.002 24.65 <0.0001 
MS1089 9/14/17 0.002 0.42 0.0001 
MS1090 9/14/17 0.001 0.6 <0.0001 
MS1091 9/14/17 0.004 1.22 <0.0001 
MS1092 9/14/17 0.001 6.53 <0.0001 
MS1107 10/16/17 0.001 0.1 0.0004 
MS1108 10/16/17 0.001 bdl 0.0003 
MS1109 10/16/17 0.002 0.08 0.0003 
MS1110 10/16/17 0.001 0.05 0.0003 
MS1111 10/16/17 0.001 0.05 0.0002 
MS1112 10/16/17 0.001 bdl 0.0002 
MS1113 10/16/17 0.001 bdl 0.0003 
MS1114 10/16/17 <0.001 bdl 0.0001 
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Appendix M- Light Hydrocarbon Analysis Results 
Sample- 
Warren 
Analysis 
Date 
Methane 
(µg/L) 
Ethane 
(µg/L) 
Ethene 
(µg/L) 
Propane 
(µg/L) 
Propylene 
(µg/L) 
Butane 
(µg/L) 
MS874 11/9/16 0.93 ND 0.01 ND ND ND 
MS875 11/9/16 0.75 ND ND ND ND ND 
MS876 11/9/16 0.85 ND ND ND ND ND 
MS877 NA NA NA NA NA NA NA 
MS878 NA NA NA NA NA NA NA 
MS879 11/9/16 0.6 ND ND ND ND ND 
MS880 NA NA NA NA NA NA NA 
MS881 NA NA NA NA NA NA NA 
MS882 NA NA NA NA NA NA NA 
MS883 11/9/16 9.37 ND ND ND ND ND 
MS884 11/9/16 429.1 0.25 ND 0.09 ND ND 
MS885 11/9/16 0.58 ND ND ND ND ND 
MS1022 6/5/17 6.46 0.01 ND ND ND ND 
MS1023 6/5/17 5.04 ND ND ND ND ND 
MS1024 6/5/17 ND 0.01 ND ND ND ND 
MS1025 6/5/17 4.51 ND ND ND ND ND 
MS1026 6/5/17 17.87 ND ND ND ND ND 
MS1027 6/5/17 17.74 ND ND ND ND ND 
MS1028 6/5/17 247.13 ND 0.03 ND ND ND 
MS1029 6/5/17 1.74 ND ND ND ND ND 
MS1030 6/5/17 5.18 ND ND ND ND ND 
MS1031 6/5/17 1.84 ND ND ND ND ND 
MS1032 6/5/17 6.17 0.48 ND ND ND ND 
MS1033 6/5/17 0.23 ND ND ND ND ND 
MS1034 6/5/17 1.61 ND ND ND ND ND 
MS1035 6/5/17 ND ND ND ND ND ND 
MS1036 6/5/17 0.57 ND 0.02 ND ND ND 
MS1124 11/1/2017 1.87 ND ND ND ND ND 
MS1125 11/1/2017 0.41 ND ND ND ND ND 
MS1126 11/1/2017 6.92 ND ND ND ND ND 
MS1127 11/1/2017 2.15 ND ND ND ND ND 
MS1128 11/1/2017 4.72 ND ND ND ND ND 
MS1129 11/1/2017 17.88 ND ND ND ND ND 
MS1130 11/1/2017 70.2 ND ND ND ND ND 
MS1131 11/1/2017 212.87 ND ND ND ND ND 
MS1132 11/1/2017 2.38 ND ND ND ND ND 
MS1133 11/1/2017 8.44 ND ND ND ND ND 
MS1134 11/1/2017 3.51 ND ND ND ND ND 
MS1135 11/1/2017 4.89 ND ND ND ND ND 
MS1136 11/1/2017 1.25 ND ND ND ND ND 
MS1137 11/1/2017 2.83 0.03 ND ND ND ND 
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MS1138 11/1/2017 0.28 ND ND ND ND ND 
MS1139 11/1/2017 ND ND ND ND ND ND 
MS1140 11/1/2017 0.6 ND ND ND ND ND 
MS1141 11/1/2017 24.23 ND ND ND ND ND 
Sample- 
Indiana        
MS1012 5/30/17 3.32 ND ND ND ND ND 
MS1013 5/30/17 ND ND ND ND ND ND 
MS1014 5/30/17 NA NA NA NA NA NA 
MS1015 5/30/17 ND ND ND ND ND ND 
MS1016 5/30/17 4.24 ND ND ND ND ND 
MS1017 5/30/17 0.3 ND ND ND ND ND 
MS1018 5/30/17 NA NA NA NA NA NA 
MS1019 5/30/17 ND ND ND ND ND ND 
MS1020 5/30/17 2.7 ND ND ND ND ND 
MS1021 5/30/17 ND ND ND ND ND ND 
MS1048 6/26/17 5996.27 223.16 ND 0.57 0.06 ND 
MS1049 6/26/17 3.96 0.19 ND ND ND ND 
MS1050 6/26/17 9.46 0.01 ND ND ND ND 
MS1051 6/26/17 ND ND ND ND ND ND 
MS1052 6/26/17 1.52 ND ND ND ND ND 
MS1053 6/26/17 ND ND ND ND ND ND 
MS1054 6/26/17 46.17 ND ND ND ND ND 
MS1055 6/26/17 NA NA NA NA NA NA 
MS1056 6/26/17 ND ND ND ND ND ND 
MS1057 6/26/17 ND ND ND ND ND ND 
MS1058 6/26/17 NA NA NA NA NA NA 
MS1059 6/26/17 5.14 ND ND ND ND ND 
MS1060 6/26/17 29.44 ND ND ND ND ND 
MS1061 6/26/17 0.26 ND ND ND ND ND 
MS1084 7/28/17 0.35 ND ND ND ND ND 
MS1085 7/28/17 0.24 ND ND ND ND ND 
MS1086 7/28/17 3.69 ND 0.02 ND ND ND 
MS1087 7/28/17 ND ND ND ND ND ND 
MS1088 7/28/17 0.64 ND ND ND ND ND 
MS1089 7/28/17 NA NA NA NA NA NA 
MS1090 7/28/17 0.29 ND ND ND ND ND 
MS1091 7/28/17 5.08 ND ND ND ND ND 
MS1092 7/28/17 2.99 ND ND ND ND ND 
MS1107 9/13/2017 0.55 0.01 ND 0.03 ND 0.03 
MS1108 9/13/2017 ND ND ND ND ND ND 
MS1109 9/13/2017 ND ND ND ND ND ND 
MS1110 9/13/2017 ND ND ND ND ND ND 
MS1111 9/13/2017 0.64 ND ND ND ND ND 
MS1112 9/13/2017 0.25 ND ND ND ND ND 
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MS1113 9/13/2017 ND ND ND ND ND ND 
MS1114 9/13/2017 ND ND ND ND ND ND 
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Appendix N- 2016 Precipitation Data for Jamestown, NY  
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Appendix O- 2016 Precipitation Data for Frewsburg, NY 
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Appendix P- 2016 Precipitation Data for Chandlers Valley, PA 
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Appendix Q- 2016 Precipitation Data for Warren, PA 
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Appendix R- Historic Mines in Indiana County within 8.05 km (5 miles) of Marjorie C Yanity 1025 Injection Well 
 
DocNum Year  StateCounties MineNames  Companies  Commodities  Seams  Latitude/Longitude 
316664   PA, 
INDIANA 
ARCADIA 
COLLIERY 
#41 
PENNSYLV
ANIA COAL 
& COKE 
CORP 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7861, -78.8667 
349422   PA, 
INDIANA 
CUSH 
CREEK 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.8089, -78.8778 
349445   PA, 
INDIANA 
WAYNE #2 H & H 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.7603, -78.9208 
349490   PA, 
INDIANA 
MCKEAN UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074, 
PA | B 
084 
40.6895, -78.9942 
  
2
2
7
 
349490   PA, 
INDIANA 
RODKEY UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074, 
PA | B 
084 
40.685, -78.9942 
365118   PA, 
INDIANA 
COMMODO
RE 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.7067, -78.9522 
385198   PA, 
INDIANA 
UNKNOWN BARNES & 
TUCKER 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.7003, -78.9595 
374729   PA, 
INDIANA 
INDIANA 
COUNTY 
COAL 
FIELDS 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071, 
PA | 
LOWER 
FREEPO
RT 074 
40.805, -78.9136 
393629   PA, 
INDIANA 
PLEASANT 
VALLEY 
BARNES & 
TUCKER 
COAL 
BITUMINOU
  40.7003, -78.9597 
  
2
2
8
 
LANDS COAL CO S 
392712   PA, 
INDIANA 
SURFACE 
HAZARDS 
BY 
QUADRAN
GLE 
PENNSYLV
ANIA DEP 
COAL 
BITUMINOU
S 
  40.75, -78.875 
392039   PA, 
INDIANA 
UNKNOWN HINES 
COAL 
COAL 
BITUMINOU
S 
PA | B 
084 
40.7117, -78.9775 
392039   PA, 
INDIANA 
PIONEER #7 PIONEER 
COAL 
COAL 
BITUMINOU
S 
PA | B 
084 
40.7117, -78.9775 
392039   PA, 
INDIANA 
MCKEAN MCKEAN COAL 
BITUMINOU
S 
PA | B 
084 
40.7117, -78.9775 
392039   PA, 
INDIANA 
VICTOR #29 RUSSEL 
COAL 
COAL 
BITUMINOU
S 
PA | B 
084 
40.7117, -78.9775 
392039   PA, 
INDIANA 
MACK #2 WILMORE 
FUEL 
COAL 
BITUMINOU
S 
PA | B 
084 
40.7117, -78.9775 
392041   PA, 
INDIANA 
#1#2 KINPORT 
COAL 
COAL 
BITUMINOU
PA | 
LOWER 
FREEPO
40.6794, -78.8583 
  
2
2
9
 
S RT 074 
392042   PA, 
INDIANA 
#1#2 KINPORT 
COAL 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6794, -78.8583 
392042   PA, 
INDIANA 
GREENWHI
CH #2 
TUNNEL 
COALING 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6794, -78.8583 
391699   PA, 
INDIANA 
PLEASURE 
VALLEY 
LANDS 
UNKNOWN COAL 
BITUMINOU
S 
  40.7019, -78.9589 
392042   PA, 
INDIANA 
WALNUT 
#2 
BUTTERNO
RTH COAL 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6794, -78.8583 
392042   PA, 
INDIANA 
EMPIRE A EMPIRE 
COAL 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6794, -78.8583 
392042   PA, 
INDIANA 
LANCASTE
R #7 #12 
BARNES & 
TUCKER 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6794, -78.8583 
  
2
3
0
 
392042   PA, 
INDIANA 
VICTOR #15 
#16 #17 
CHERRYTR
EE COAL 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6794, -78.8583 
358200   PA, 
INDIANA 
GLENSIDE 
#2 & 3 
GLENSIDE 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.6978, -78.9525 
392039   PA, 
INDIANA 
PLEASANT 
VALLEY #1 
ESTEP 
BROTHERS 
MINING 
COAL 
BITUMINOU
S 
PA | B 
084 
40.7117, -78.9775 
303902   PA, 
INDIANA 
ARCADIA 
#43 
CHESTNUT 
RIDGE 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.7814, -78.855 
392039   PA, 
INDIANA 
#8#5 GREENWIC
H COAL & 
COKE 
COAL 
BITUMINOU
S 
PA | B 
084 
40.7117, -78.9775 
392039   PA, 
INDIANA 
#1#2 HARVE & 
MACK 
COAL 
COAL 
BITUMINOU
S 
PA | B 
084 
40.7117, -78.9775 
  
2
3
1
 
392039   PA, 
INDIANA 
EMPIRE #7 EMPIRE 
MINING 
COAL 
BITUMINOU
S 
PA | B 
084 
40.7117, -78.9775 
392039   PA, 
INDIANA 
CLYMER HIRAM 
SWANKS & 
SON 
COAL 
BITUMINOU
S 
PA | B 
084 
40.7117, -78.9775 
303909   PA, 
INDIANA 
VICTOR #11 
& 14 
ELLSWORT
H DUNHAM 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7639, -78.8733 
392040   PA, 
INDIANA 
UNKNOWN UNKNOWN UNKNOWN PA | 
UNKNO
WN 999 
40.7117, -78.9775 
392041   PA, 
INDIANA 
#3 GREENWIC
H 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6794, -78.8583 
392042   PA, 
INDIANA 
WOODLAN 
#2 
DERRINJER 
FUEL CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6794, -78.8583 
392042   PA, 
INDIANA 
DELTA #2 DUNCAN & 
SPANGLE 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6794, -78.8583 
  
2
3
2
 
303643   PA, 
INDIANA 
HINES #7 HINES 
MINE # 7 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6981, -78.9703 
303902   PA, 
INDIANA 
ARCADIA 
#43 
PENNA CO COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.7814, -78.855 
399084 0 PA, 
INDIANA 
TROJAN #2 TROJAN 
COAL 
MINING CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.8162, -78.8901 
399085 0 PA, 
INDIANA 
TROJAN #3 TROJAN 
COAL 
MINING CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.809, -78.8638 
399086 0 PA, 
INDIANA 
ARCADIA 
#44 
PENNSYLV
ANIA COAL 
& COKE 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.8096, -78.8983 
399086 0 PA, 
INDIANA 
ARCADIA 
#41 
PENNSYLV
ANIA COAL 
& COKE 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
40.7848, -78.8575 
  
2
3
3
 
CORP RT 071 
399086 0 PA, 
INDIANA 
VICTOR #11 ELLSWORT
H DUNHAM 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7813, -78.86 
399086 0 PA, 
INDIANA 
VICTOR #14 ELLSWORT
H DUNHAM 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7764, -78.8651 
399294 0 PA, 
INDIANA 
PLEASANT 
VALLEY #1 
ESTEP 
BROTHERS 
COAL 
MINING CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.7153, -78.9578 
399294 0 PA, 
INDIANA 
UNKNOWN HINES 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.6969, -78.9564 
399294 0 PA, 
INDIANA 
HARVE & 
MACK #1 
HARVE & 
MACK 
COAL 
COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.6969, -78.9689 
399294 0 PA, MCKEAN UNKNOWN COAL 
BITUMINOU
PA | 
LOWER 
40.6936, -78.9839 
  
2
3
4
 
INDIANA S KITTAN
NING 
084 
399299 0 PA, 
INDIANA 
COMMODO
RE #3 
CLEARFIEL
D 
BITUMINO
US COAL 
CORP 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7253, -78.9367 
399299 0 PA, 
INDIANA 
UNKNOWN UNKNOWN COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7358, -78.9392 
399299 0 PA, 
INDIANA 
UNKNOWN UNKNOWN COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7358, -78.9414 
399294 0 PA, 
INDIANA 
GREENWIC
H #5 
GREENWIC
H COAL & 
COKE 
COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.7017, -78.9731 
399294 0 PA, 
INDIANA 
HARVE & 
MACK #2 
HARVE & 
MACK 
COAL 
COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.6969, -78.9689 
  
2
3
5
 
399086 0 PA, 
INDIANA 
PATCHIN 
#4 
CHESTNUT 
RIDGE 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.8173, -78.8911 
399086 0 PA, 
INDIANA 
ARCADIA 
#43 
PENNSYLV
ANIA COAL 
& COKE CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7866, -78.8874 
399086 0 PA, 
INDIANA 
ARCADIA 
#40 
PENNSYLV
ANIA COAL 
& COKE 
CORP 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7943, -78.8545 
399294 0 PA, 
INDIANA 
GREENWIC
H #8 
GREENWIC
H COAL & 
COKE 
COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.6883, -78.9564 
399294 0 PA, 
INDIANA 
PIONEER #7 PIONEER 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.69, -78.9733 
399294 0 PA, 
INDIANA 
EMPIRE #7 EMPIRE 
MINING CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
40.6822, -78.9906 
  
2
3
6
 
084 
399298 0 PA, 
INDIANA 
EMPIRE I EMPIRE 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7353, -78.9894 
399299 0 PA, 
INDIANA 
COMMODO
RE #1 
CLEARFIEL
D 
BITUMINO
US COAL 
CORP 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7253, -78.9367 
399299 0 PA, 
INDIANA 
COMMODO
RE #2 
CLEARFIEL
D 
BITUMINO
US COAL 
CORP 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7253, -78.9367 
303676 1909 PA, 
INDIANA 
VICTOR 
COAL & 
COKE CO 
LAND 
ELLSWORT
H 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7506, -78.8917 
303676 1909 PA, 
INDIANA 
VICTOR 
COAL & 
COKE CO 
LAND 
VICTOR 
COAL & 
COKE CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7506, -78.8917 
303665 1909 PA, 
INDIANA 
VICTOR 
COAL & 
COKE CO 
ELLSWORT
H 
COAL 
BITUMINOU
PA | 
UPPER 
FREEPO
40.7503, -78.8797 
  
2
3
7
 
LANDS S RT 071 
303665 1909 PA, 
INDIANA 
VICTOR 
COAL & 
COKE CO 
LANDS 
VICTOR 
COAL & 
COKE CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7503, -78.8797 
303861 1913 PA, 
INDIANA 
DIXONVILL
E 
DIXONVILL
E COAL CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6975, -78.9406 
318487 1916 PA, 
INDIANA 
GREENWIC
H #5 
TUNNEL 
COALING 
CO 
COAL 
BITUMINOU
S 
PA | B 
084 
40.6889, -78.9644 
318487 1916 PA, 
INDIANA 
GREENWIC
H #5 
GREENWIC
H C & 
COAL 
BITUMINOU
S 
PA | B 
084 
40.6889, -78.9644 
303673 1917 PA, 
INDIANA 
HARV 
MACK 
COAL #1 
HARVE 
MACK 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.7019, -78.9642 
303906 1918 PA, 
INDIANA 
TROJAN #2 TROJAN 
COAL 
MINING CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7833, -78.8833 
  
2
3
8
 
303862 1919 PA, 
INDIANA 
CLEARFIEL
D 
BITUMINO
US COAL 
CORP 
CLEARFIEL
D 
BITUMINO
US COAL 
CORP 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7772, -78.867 
368164 1919 PA, 
INDIANA 
ROCHESTE
R MILLS 
ROCHESTE
R MILLS 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.8153, -78.9844 
385163 1920 PA, 
INDIANA 
PLEASANT 
VALLEY 
LANDS 
BARNES & 
TUCKER 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7003, -78.9597 
318488 1923 PA, 
INDIANA 
LANCASHI
RE #18 
LANCASHI
RE COAL 
CO 
COAL 
BITUMINOU
S 
PA | B 
084 
40.6889, -78.9644 
318488 1923 PA, 
INDIANA 
LANCASHI
RE #18 
GLENSIDE 
COAL 
COAL 
BITUMINOU
S 
PA | B 
084 
40.6889, -78.9644 
316099 1923 PA, 
INDIANA 
LANCASHI
RE 
LANCASHI
RE COAL 
CO, 
INLAND 
COAL 
COAL 
BITUMINOU
S 
PA | B 
084 
40.6889, -78.9586 
  
2
3
9
 
316099 1923 PA, 
INDIANA 
LANCASHI
RE 
INLAND 
COAL 
COAL 
BITUMINOU
S 
PA | B 
084 
40.6889, -78.9586 
318494 1924 PA, 
INDIANA 
EMPIRE #7 EMPIRE 
COAL 
MINING CO 
COAL 
BITUMINOU
S 
PA | B 
084 
40.6844, -78.9706 
318494 1924 PA, 
INDIANA 
EMPIRE #7 PIONEER C COAL 
BITUMINOU
S 
PA | B 
084 
40.6844, -78.9706 
322128 1924 PA, 
INDIANA 
LANCASHI
RE #18 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.6889, -78.9644 
316565 1925 PA, 
INDIANA 
VICTOR #11 
& 14 
ELLSWORT
H DUNHAM 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7639, -78.8733 
306568 1927 PA, 
INDIANA 
ARCADIA 
#42 
ARCADIA COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.7814, -78.855 
  
2
4
0
 
306568 1927 PA, 
INDIANA 
ARCADIA 
#42 
NEW YORK 
CENTRAL R 
R CO 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.7814, -78.855 
306586 1928 PA, 
INDIANA 
CUSH 
CREEK 
TRO COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.8089, -78.8778 
306586 1928 PA, 
INDIANA 
CUSH 
CREEK 
MARYLAN
D TROJAN 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.8089, -78.8778 
354696 1932 PA, 
INDIANA 
BUTERBAU
GH 
HARVE 
MACK 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.6978, -78.9583 
349425 1943 PA, 
INDIANA 
MARYLAN
D TROJAN 
MARYLAN
D TROJAN 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.8086, -78.8661 
  
2
4
1
 
306560 1943 PA, 
INDIANA 
ARCADIA 
#2 
NEW YORK 
CENTRAL 
COAL 
MINING DE 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.7769, -78.8611 
365125 1946 PA, 
INDIANA 
RODKEY UNKNOWN COAL 
BITUMINOU
S 
PA | B 
084 
40.6731, -78.9945 
354728 1948 PA, 
INDIANA 
HINES 
COAL 
CAPIZZI 
COAL 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6978, -78.9583 
354728 1948 PA, 
INDIANA 
KATHLEEN UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7022, -78.9581 
354728 1948 PA, 
INDIANA 
LEONARD 
#1 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7069, -78.9639 
354728 1948 PA, 
INDIANA 
G E 
GASTON 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7067, -78.9581 
  
2
4
2
 
349429 1951 PA, 
INDIANA 
ARCADIA 
#1 
PENNSYLV
ANIA COAL 
& COKE 
CORP 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7814, -78.855 
349429 1951 PA, 
INDIANA 
ARCADIA 
#2 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7769, -78.8611 
349443 1951 PA, 
INDIANA 
MCKEAN UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074, 
PA | B 
084 
40.6895, -78.9942 
349443 1951 PA, 
INDIANA 
EMPIRE #7 UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074, 
PA | B 
084 
40.6844, -78.9706 
329374 1952 PA, 
INDIANA 
GREENWIC
H COAL 
FIELD 
M R E & T 
CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071, 
PA | 
LOWER 
FREEPO
RT 074 
40.6889, -78.9644 
  
2
4
3
 
329374 1952 PA, 
INDIANA 
GREENWIC
H COAL 
FIELD 
PINE 
TOWNSHIP 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071, 
PA | 
LOWER 
FREEPO
RT 074 
40.6889, -78.9644 
316585 1952 PA, 
INDIANA 
COMMODO
RE 
CLEARFIEL
D 
BITUMINO
US COAL 
CORP 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7067, -78.9522 
326467 1952 PA, 
INDIANA 
BERRINGE
R 
BERRINGE
R COAL CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7864, -78.8845 
349458 1953 PA, 
INDIANA 
GLENSIDE 
#6 
JAMES 
COAL 
MINING CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7011, -78.9217 
358182 1956 PA, 
INDIANA 
COMMODO
RE 
RUSSEL COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074, 
PA | B 
084 
40.7111, -78.9519 
  
2
4
4
 
358152 1956 PA, 
INDIANA 
LOCATION 
MAP 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.7814, -78.855 
358182 1956 PA, 
INDIANA 
MCKEAN UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074, 
PA | B 
084 
40.6895, -78.9942 
358151 1957 PA, 
INDIANA 
ARCADIA 
VICTOR #11 
PELES 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7814, -78.855 
365119 1958 PA, 
INDIANA 
WAYNE #2 UNKNOWN COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7536, -78.9117 
365119 1958 PA, 
INDIANA 
PURCHASE 
LINE #1 
PURCHASE 
LINE 
MINING CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7572, -78.9114 
358169 1958 PA, 
INDIANA 
PONTANI 
COAL 
PONTANI 
COAL CO 
COAL 
BITUMINOU
PA | 
UNKNO
WN 999, 
PA | 
40.7075, -78.9936 
  
2
4
5
 
S UNKNO
WN 999 
358173 1958 PA, 
INDIANA 
WILLIAM C 
CESSNA 
WILLIAM C 
CESSNA 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7689, -78.9089 
358196 1958 PA, 
INDIANA 
WAYNE #3 PRIMROSE 
MINING 
INC 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.7508, -78.9095 
326475 1960 PA, 
INDIANA 
RATAY #1 RATAY 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.68, -78.9647 
349427 1961 PA, 
INDIANA 
PONTANI PONTANI 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7072, -78.9875 
384507 1961 PA, 
INDIANA 
GLENSIDE 
#1 SLOPE 
GLENSIDE COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
40.6739, -78.9636 
  
2
4
6
 
WN 999 
349581 1967 PA, 
INDIANA 
VARGO 
GEORGE 
VARGO 
GEORGE 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7872, -78.9258 
351330 1967 PA, 
INDIANA 
H & J PONTANI 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7072, -78.9875 
351331 1967 PA, 
INDIANA 
GROMLEY GROMLEY 
JAY COAL 
CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7825, -78.9083 
351321 1967 PA, 
INDIANA 
G M & W #1 G M & W 
COAL CO 
COAL 
BITUMINOU
S 
PA | B 
084 
40.8156, -78.9961 
351330 1967 PA, 
INDIANA 
H & J H & J COAL 
CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7072, -78.9875 
349580 1967 PA, 
INDIANA 
VARGO 
GEORGE 
VARGO 
GEORGE 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7872, -78.9258 
  
2
4
7
 
351295 1968 PA, 
INDIANA 
CESSNA #3 CESSNA 
WILLIAM C 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7731, -78.8908 
351295 1968 PA, 
INDIANA 
INDIANA #5 UNKNOWN COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7775, -78.8908 
351305 1968 PA, 
INDIANA 
FRENO #3 FRENO 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7914, -78.9022 
323413 1968 PA, 
INDIANA 
WM C 
CESSNA 
WILLIAM C 
CESSNA 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7689, -78.9089 
323413 1968 PA, 
INDIANA 
H & H H & H COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7689, -78.9089 
349582 1969 PA, 
INDIANA 
S & R #3 S & R COAL 
CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7914, -78.9022 
316525 1969 PA, CESSNA #2 CESSNA COAL 
BITUMINOU
PA | 
UPPER 
40.7745, -78.8565 
  
2
4
8
 
INDIANA COAL CO S FREEPO
RT 071 
311457 1972 PA, 
INDIANA 
DIXON 
RUN #4 
DIXON 
RUN COAL 
CO 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
UNKNO
WN 999 
40.7067, -78.9581 
314588 1972 PA, 
INDIANA 
DIXON 
RUN #4 
DIXON 
RUN COAL 
CO 
COAL 
BITUMINOU
S 
PA | B 
084 
40.7067, -78.9581 
314588 1972 PA, 
INDIANA 
ESTEPF #1 UNKNOWN COAL 
BITUMINOU
S 
PA | B 
084 
40.7067, -78.9581 
365135 1975 PA, 
INDIANA 
CESSNA 
WILLIAM 
CESSNA 
WILLIAM 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.767, -78.9028 
362370 1982 PA, 
INDIANA 
KRAYNAK 
#3 
KRAYNAK 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7825, -78.9047 
374251 1987 PA, 
INDIANA 
KRAYNAK 
#3 
DRAYNAK 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999, 
PA | 
40.7842, -78.9058 
  
2
4
9
 
UNKNO
WN 999 
399377 2015 PA, 
INDIANA 
TOMASKO UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.7037, -78.9551 
399377 2015 PA, 
INDIANA 
GLENSIDE 
#6 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.6889, -78.9599 
399377 2015 PA, 
INDIANA 
GREENWIC
H #2 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.688, -78.9165 
399377 2015 PA, 
INDIANA 
UNKNOWN UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7058, -78.9505 
399377 2015 PA, 
INDIANA 
STARFORD ROSEBUD 
MINING CO 
COAL 
BITUMINOU
S 
PA | 
MIDDLE 
KITTAN
NING 
080, PA | 
LOWER 
KITTAN
NING 
40.6986, -78.9397 
  
2
5
0
 
084 
399377 2015 PA, 
INDIANA 
CLAWSON UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7137, -78.9553 
399377 2015 PA, 
INDIANA 
GLENSIDE 
#8 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.6904, -78.9598 
399377 2015 PA, 
INDIANA 
HARVE 
MACK #1 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.6964, -78.963 
399377 2015 PA, 
INDIANA 
HARVE 
MACK #2 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.6964, -78.963 
399377 2015 PA, 
INDIANA 
COMMODO
RE 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7121, -78.9406 
399377 2015 PA, DIXON UNKNOWN COAL 
BITUMINOU
PA | 
LOWER 
40.7096, -78.9527 
  
2
5
1
 
INDIANA RUN #4 S KITTAN
NING 
084 
399377 2015 PA, 
INDIANA 
ESTEP #1 UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.709, -78.8589 
399377 2015 PA, 
INDIANA 
KENWOOD 
#1 
UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.6929, -78.9581 
399377 2015 PA, 
INDIANA 
HINES #5 UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
KITTAN
NING 
084 
40.6964, -78.963 
399377 2015 PA, 
INDIANA 
UNKNOWN UNKNOWN COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.699, -78.9483 
399814 2016 PA, 
CLEARFIEL
D/PA, 
INDIANA 
COOKPART UNKNOWN COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999 
40.7449, -78.891 
  
2
5
2
 
399814 2016 PA, 
CLEARFIEL
D/PA, 
INDIANA 
VICTOR #11 ELLSWORT
H DUNHAM 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7525, -78.8627 
399814 2016 PA, 
CLEARFIEL
D/PA, 
INDIANA 
COMMODO
RE #1 
CLEARFIEL
D 
BITUMINO
US COAL 
CORP 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7512, -78.8881 
399814 2016 PA, 
CLEARFIEL
D/PA, 
INDIANA 
RICKARD UNKNOWN COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999 
40.739, -78.8606 
399814 2016 PA, 
CLEARFIEL
D/PA, 
INDIANA 
VICTOR #14 ELLSWORT
H DUNHAM 
COAL CO 
COAL 
BITUMINOU
S 
PA | 
UPPER 
FREEPO
RT 071 
40.7525, -78.8627 
399814 2016 PA, 
CLEARFIEL
D/PA, 
INDIANA 
GREENWIC
H #1 
NORTH 
GREENWIC
H 
COLLIERIE
S 
COAL 
BITUMINOU
S 
PA | 
LOWER 
FREEPO
RT 074 
40.7345, -78.8596 
399814 2016 PA, 
CLEARFIEL
D/PA, 
INDIANA 
HILLSDALE UNKNOWN COAL 
BITUMINOU
S 
PA | 
UNKNO
WN 999 
40.7524, -78.8566 
 
